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SUMMARY 
X-ray d i f f r a c t i o n techniques have been used to examine the 
s t r u c t u r a l chemistry of three compounds of Group I I metals. The c r y s t a l 
s t r u c t u r e s of a l l three compounds were solved by the heavy atom method 
and r e f i n e d , w i t h three dimensional data, by the method of l e a s t 
squares. 
E t h y l z i n c Iodide 
E t h y l z i n c iodide c r y s t a l l i z e s , s o l v e n t - f r e e from e t h y l i o d i d e , i n 
the orthorhombic space group Pnma. The u n i t c e l l dimensions are 
o 
a = 21*17, b = 4*33, c = 5'38A and the u n i t c e l l contains four u n i t s of 
C2H^ZnI which are s i t u a t e d on m i r r o r planes at y = 0'25 and 0*75. 
o 
Each io d i n e atom i s at a distance of 2*64A from a zinc atom l y i n g 
on the same m i r r o r plane, the I-Zn-C angle i n the plane being midway 
between the t e t r a h e d r a l and l i n e a r values. I n a d d i t i o n , each i o d i n e 
o 
atom i s 2«91A from two other zinc atoms, which l i e on adjacent m i r r o r 
planes h a l f a u n i t - c e l l l e n g t h above and below i t r e s p e c t i v e l y . 
The o v e r a l l p i c t u r e i s of a c o - o r d i n a t i o n polymer, the i o d i n e - z i n c 
linkages g i v i n g r i s e t o a l a y e r s t r u c t u r e which extends i n two 
dimensions. 
The Dimeric D i e t h y l Ether Complex of t-ButoxyMagnesium Bromide 
A product of the a d d i t i o n r e a c t i o n between acetone and methyl-
magnesium bromide c r y s t a l l i z e s from ether i n a monoraessiifc c e l l . The 
- x i i -
space group i s P2 1/c; c e l l dimensions are a = 9*68, b = 11*10, c = 
15-10A, 6 = 129*13°. 
There are two u n i t s of (Bu^MgEr.0Et2^ i n the u n i t c e l l and the 
molecule i s dimeric i n the c r y s t a l as i t i s i n s o l u t i o n i n both 
benzene and ether. The dimer contains a four-membered ^2^2 r i n g -
o 
The magnesium-oxygen bond l e n g t h i n the r i n g (1*91A) i s less than 
o 
the bond l e n g t h (2*0lA) between magnesium and the ether oxygen, and 
the oxygen atoms i n both types of environment, although three-co-
o r d i n a t e , have t r i g o n a l c o n f i g u r a t i o n s . 
Dimeric 2-dimethylaminoethylmethylaminozinc Hydride 
The c r y s t a l s of (HZnN(Me)C2H^NMe2)2 a r e monoclinic, space group 
P2 x/c. The c e l l dimensions are a = 6*372, b = 11*316, c = 11-977A, 
8 = 111*75°, Z = 2 u n i t s of (HZnN(Me)C 2H 4NMe 2) 2- The molecule i s 
dimeric, both i n benzene s o l u t i o n and i n the s o l i d phase. 
A four-membered Z ^ ^ r i n g l i n k s the two halves of the dimer 
round a centre of symmetry and a second, a l b e i t weaker, d a t i v e bond, 
i n v o l v i n g the second n i t r o g e n atom, r e s u l t s i n the formation of f i v e -
membered r i n g s and b r i n g s the c o - o r d i n a t i o n number of the metal atoms 
to f o u r . 
The zinc-hydrogen bond i s t e r m i n a l and i s p r i n c i p a l l y covalent i n 
character. 
Chapter One 
The Determination of C r y s t a l Structures 
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1.1 The C r y s t a l L a t t i c e 
C r y s t a l s are composed of groups of atoms repeated at regul a r 
i n t e r v a l s , w i t h the same o r i e n t a t i o n , i n three dimensions. I f an 
a r b i t r a r y o r i g i n i s chosen then i t w i l l be possible t o f i n d many 
f u r t h e r p o i n t s i n space which have an environment i d e n t i c a l t o the 
o r i g i n . These po i n t s define a l a t t i c e which can be described i n 
terms of three non-coplanar vectors a, b, and £. The p a r a l l e l e p i p e d 
defined by a, b, and c i s termed the " u n i t c e l l " . This i s said to 
be p r i m i t i v e i f i t contains no i n t e r i o r l a t t i c e p o i n t s , and non-
p r i m i t i v e otherwise. 
Any three i n t e g e r s x, y, z then define another l a t t i c e vector 
xa + yb + z£, t e r m i n a t i n g i n the l a t t i c e p o i n t ( x , y, z ) . A r a t i o n a l 
plane through the o r i g i n (known as a l a t t i c e plane) has the equation 
hx + ky + l z = 0 where h, k, 1 are three i n t e g e r s known as M i l l e r 
i n d i c e s ( h k l ) . Integer s o l u t i o n s of the above equation define l a t t i c e 
p o i n t s l y i n g i n the plane. The equation hx + ky + l z = 1 defines a 
l a t t i c e plane p a r a l l e l to hx + ky + l z = 0 and characterized by the 
same arrangement of l a t t i c e p o i n t s . I t i s generated from hx + ky + 
l z = 0 by a t r a n s l a t i o n made up of a normal component and a t a n g e n t i a l 
component and both planes are characterized by the same repeat v e c t o r . 
A set of p a r a l l e l planes 
hx + ky + l z = 0, + 1, + 2 
may be generated, which between them c o n t a i n a l l the l a t t i c e p o i n t s . 
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For a plane to have a high d e n s i t y of l a t t i c e p o i n t s however, the 
M i l l e r i n d i c e s (which correspond t o the r e c i p r o c a l s of the a x i a l 
i n t e r c e p t s ) must be r e l a t i v e l y small. I t i s such planes which tend 
t o form the faces of c r y s t a l s and t h i s i s expressed i n the law of 
Rational Indices which s t a t e s t h a t the r a t i o of the i n d i c e s of a 
c r y s t a l face are r a t i o n a l and, i n general, small whole numbers. 
1.2 The D i f f r a c t i o n of X-rays by a C r y s t a l L a t t i c e . 
I n 1912, at the suggestion of Laue, the d i f f r a c t i o n of X-rays 
by a c r y s t a l l a t t i c e was demonstrated by F r i e d e r i c h and Knipping. 
Their r e s u l t s e s t a b l i s h e d the wave-like property of X-rays and 
showed c r y s t a l s to be p e r i o d i c arrangements of matter w i t h 
separations on the molecular scale. 
The c r y s t a l l a t t i c e as defined above i s important i n the 
context of t h i s phenomenon since i t decides completely the c o n d i t i o n s 
f o r d i f f r a c t i o n . The r e l a t i o n s h i p between a c r y s t a l l a t t i c e and the 
scattered r a d i a t i o n was recognised by W.L. Bragg and, i n 1913, was 
expressed by him i n the law which bears h i s name 
nA = 2d Sin0 
Thus the r e s u l t a n t beam d i f f r a c t e d by a c r y s t a l l a t t i c e behaves as i f 
i t were r e f l e c t e d from the l a t t i c e planes w i t h M i l l e r i n d i c e s ( h k l ) 
and w i t h d as the i n t e r p l a n a r spacing. I n order to describe the 
whole 3-dimensional d i f f r a c t i o n p a t t e r n i t i s necessary to consider 
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three sets of planes perpendicular t o a, b, and c r e s p e c t i v e l y such 
t h a t the i n t e r p l a n a r spacings along each i n d i v i d u a l d i r e c t i o n a, b 
or £ are equal. Each plane corresponds t o a p a r t i c u l a r value of h, 
k and 1. 
The i n t e r s e c t i o n s of these planes represent the end poi n t s of 
vectors a* , b* and c" t h a t s a t i s f y the condi t i o n s f o r maximum 
i n t e n s i t y d i f f r a c t i o n and de l i n e a t e a l a t t i c e of p o i n t s which i s 
termed the " r e c i p r o c a l l a t t i c e " . 
The r e c i p r o c a l l a t t i c e i s defined by the vectors a" , b* and c * 
where 
a.a* = b.b* = c c* = 1 
Each p o i n t i n t h i s l a t t i c e corresponds to a " r e f l e c t i o n " from 
the plane w i t h M i l l e r indices ( h k l ) and i s at a distance ^ 
along a vector R i n the d i r e c t i o n normal t o the plane ( h k l ) where 
R = h a* + k b* + 1 c* 
1.3 The Structure Factor. 
I n the simplest case a l l the atoms i n a c r y s t a l are located w i t h 
t h e i r mean p o s i t i o n s a t p o i n t s on a s i n g l e l a t t i c e . Most c r y s t a l s 
are much more complicated however and can be represented only by 
pl a c i n g w i t h i n each u n i t c e l l of the l a t t i c e a c e r t a i n arrangement of 
atoms. We may s t i l l regard any one set of corresponding atoms i n the 
d i f f e r e n t c e l l s as l y i n g upon a l a t t i c e and thus a c r y s t a l w i t h N 
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atoms i n the unit c e l l can be regarded as based upon N ide n t i c a l 
interpenetrating l a t t i c e s . X-rays scattered by these d i f f e r e n t l a t t i c e s 
w i l l d i f f e r i n phase according to th e i r separations and so i f there i s 
a large number of atoms i n the unit c e l l complicated relationships may 
be expected between the i n t e n s i t i e s of their various orders of 
d i f f r a c t i o n . 
Suppose that the unit c e l l of a crystal contains N atoms 
situated at positions x , y , z where x , y and z are expressed as 
n' 'n' n n' •'n n r 
fractions of the unit c e l l edges. The position of the nth atom, P, 
i n the unit c e l l can thus be represented by a vector 1: where 
r = x a + y b + z c —n n— n— n— 
The path difference between the waves scattered by the atom at P 
and those that would be scattered by an atom at the o r i g i n i s 
proportional to £ . The atom at P can be assumed to l i e on a plane 
p a r a l l e l to ( h k l ) whose perpendicular distance from the o r i g i n w i l l 
be given by the projection of r on the vector R describing the normal 
*-/-> t-ha t i l ana ^ 
Thus i f <£n i s the phase of the wave scattered by the element of 
volume round P then 
*2 = R-r 2jt n 
= (ha* + kb* + l c * ) ( x a + y b + z c) — — — n— n— n— 
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= (hx + ky + l z ) n •'n n 
and d> = 2jt(hx + ky + l z ) n 'n n 
Hence the expression for the complete wave scattered by the nth 
l a t t i c e i s 
where f R i s the atomic scattering factor of the nth atom. The 
complete wave scattered by a crystal containing N atoms per unit c e l l 
i s given by a vector: 
where the quantity F i s known as the structure factor, and i s a 
function of h, k, 1. The modulus of F i s termed the Structure 
Amplitude and i s defined as the r a t i o of the amplitude of the radiation 
scattered i n the order h, k, 1 by the contents of the unit c e l l to that 
scattered by a single electron at the o r i g i n under the same conditions. 
The atomic scattering factor represents the characteristic 
scattering power of an atom and i t s value may be found using a 
knowledge of the d i s t r i b u t i o n of the electrons about the atom. I t i s 
generally quoted as the r a t i o of the scattering power of the atom 
compared with that of a single electron i n the same direc t i o n . I n 
atoms the electrons occupy a f i n i t e volume and phase differences occur 
f exp 2jri(hx + ky + l z ) 
n L rt •* x\ t-» n n n n 
N 
F(hkl) f exp.2iti(hx + ky + l z ) 
n n n n 
n=i 
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between rays scattered i n d i f f e r e n t parts of this volume. I n t e r -
ference between these waves causes the scattering factor to decrease 
with increasing 9. 
The structure factor F i s a complex quantity and may be expressed 
i n terms of i t s real and imaginary components: 
F(hkl) = A(hkl) + i B ( h k l ) 
N 
where A(hkl) = ) f cos 2rt(hx + ky + l z ) / n n ; n n 
n=i 
N 
B(hkl) = T^fn s i n 2it(hx^ + ky m + l z ^ ) n 'n n n=i 
The structure amplitude i s then given by |F(hkl)| a = (A a + Bs) and the 
— l B 
phase constant, oc(hkl) = tan" —. 
When the space group has a higher symmetry than Pi the summation 
over a l l atoms n i s usually s p l i t i n t o a summation over symmetry 
related atoms followed by a summation over the members of the 
asymmetric u n i t . For space-groups with a centre of symmetry at the 
o r i g i n B(hkl) = 0. 
For each space group, the international Tables, Volumes I gives 
si m p l i f i e d forms of the trigonometric summations over symmetry 
related atoms. These expressions however are not d i r e c t l y applicable 
to atoms which are subject to general anisotropic vibrations. 
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A more fundamental treatment of the structure factor i s possible 
by consideration of each element of volume of the unit c e l l 
separately. Thus i f p(x,y,z) i s the electron density at the point 
(x,y,z), the amount of scattering matter i n the volume element 
Vdxdydz i s pVdxdydz, and the structure factor equation may be w r i t t e n 
F(hkl) = I I I Vp(x,y,z)exp.2iri(hx + ky + lz)dxdydz 
x=o y=o z=o 
1.4 The Temperature Factor. 
At a l l temperatures atoms have a f i n i t e amplitude of o s c i l l a t i o n 
•f regency _ t 
Pabout 10 sec ) which i s much smaller than the frequency of X-
18 —1 
rays (about 10 sec" ) so that to a beam of X-rays at any one 
instant the atoms appear to be stationary but displaced from t h e i r 
true mean positions i n the l a t t i c e . Thus i n producing a given X-ray 
r e f l e c t i o n , atoms i n neighbouring unit c e l l s which should scatter i n 
phase w i l l scatter s l i g h t l y out of phase, the t o t a l effect being an 
apparent reduction i n the scattering factor of the atoms by an 
amount which increases with angle. With certain assumptions about 
the nature of the atomic vibrations the form of the va r i a t i o n of 
scattering factor with angle can be allowed for; - i f the atomic 
scattering factor referred to previously i s f then the factor to be 
used i n practice i s 
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f = £ Q exp.(-B S i n a 0 / A ? ) 
where 9 i s the Bragg angle and B i s a constant given by B = Sj^u 3 i f 
the mean square displacements u a are the same i n a l l directions. 
I n general the thermal displacement w i l l not be isotropic and 
for the purposes of accurate crystal-structure investigation may be 
described i n terms of an e l l i p s o i d a l d i s t r i b u t i o n . The vibrations 
are described by a symmetrical tensor U which has six independent 
components. The mean square amplitude of vib r a t i o n i n the 
dire c t i o n of a unit vector 1. = ( l x , l a , 1 3 ) i s 
3 a 
"ua" = > \ U..1.1. 
i = i j = i 
or V = u ^ a + + u „ V + 2^.1,1, 
r£-(e.r *"o l u i i l " a x e s I t \~o Q*. t>, C • 
where U and 1 are defined with respect to the reciprocal l a t t i c e axes 
a*, b* and jc*. The component of U i n the (1,0,0) dire c t i o n p a r a l l e l 
to a* i s 
u a = U X 1 and so on. 
In t h i s anisotropic case the transform of the smearing function i s 
q(s) = exp. [-2rt2(Z2u\ . . s ^ )] 
where s = ( s , s , s ) i s the reciprocal l a t t i c e vector. I f the units 
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o_ o_, of U.. are Aa, the units of s. are A 
At a reciprocal l a t t i c e point £ = (ha* + kb* + lc* ) the transform 
of the smearing function may be wri t t e n 
q(hkl) = expt-ZflMu^tfa' 2 + U ^ k 3 ^ 3 + U 3 3 l 3 c , a + 2U 3 1klb ,c' 
+ 2U 3 llhc*a' + 2Uiahka*b* )] 
and the scattering factor f ^ for an atom i n anisotropic thermal 
v i b r a t i o n i s given by the product f T ( h k l ) = f ( h k l ) q ( h k l ) . 
1.5 Fourier Series 
Since a crystal i s periodic i n three dimensions i t can be 
represented by a three-dimensional Fourier series 
p(x,yz) = ^ ^ ^C(h',k',1')exp.2iti(h'x + k'y + l ' z ) 
h' k'l'=-« 
each Fourier c o e f f i c i e n t C having in t e g r a l indices h 1 , k' and 1' 
a l l o t t e d to i t . 
This value for the electron density may be substituted i n the 
structure factor equation 
F(hkl) = I j ' j ^ ^ ^cCh'.k'.l^exp.ZniCh'x + k'y + l ' z ) 
-oo 
exp.2jti(hx + ky + lz)V dx dy dz. 
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Now the exponential functions i n t h i s expression are both periodic and 
the integral of t h e i r product over a single complete period i s zero 
i n general; only i f h = -h 1, k = -k', 1 =-1' does the p e r i o d i c i t y 
disappear and the expression take a non-zero value, then 
i i i 
F(h,k,l) = J I J C(h',k',l)Vdxdyd 2 
o o o 
and therefore F(h,k,l) = C(h,k,l)V 
The three-dimensional Fourier synthesis can now be w r i t t e n 
p(x,y,z) = ^ ^ ^j ( h k D e x p . [ 2 n i ( h x + ky + l x ) ] 
h k l = - o o 
since the Fourier coefficients are d i r e c t l y related to the 
corresponding structure factors. 
The above expression for electron density i s not suitable for 
quantitative evaluation since i t contains complex quantities. The 
equation may be rewritten 
P ^ X,y , Z ; - — J t\\ LIK.1 y C U a Z j L V U A T fcy T i n ; 
h k l = - o o 
+ B(hkl)sin2rt(hx + ky + l z ) 
where A and B are the two components of the structure factor, F. 
I n view of the fact that A(h,k,T) = A(hkl), B(h,k,T) = -B(hkl) 
and taking into account that the term F(000) i s i t s own conjugate, 
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further s i m p l i f i c a t i o n i s possible: 
OO OO oo 
p (xyz) = ^F(OOO) + 2 ^ A(hkl )cos2jt(hx + ky + l z ) 
h=o k, 1=-°° 
+ B(hkl)sin2jt(hx + ky + l z ) ^ 
OO 00 
or p ( x y z ) = ^F(OOO) + 2 ^  ^ ^ | F(hkl) | cos2ir(hx + ky + l z ) 
h=o k, 1=-
- a ( h k l ) ^ 
00 
') 
where a(hkl) i s the phase angle for the r e f l e c t i o n h k l . 
This i s a general expression which describes the electron density 
i n a l l crystals but by making use of space-group symmetry i n combining 
symmetry related reflections further simplifications are possible. 
The expression for electron density i n terms of the independent 
structure factors only i s given for each space group, i n International 
Tables Volume I . 
To make use of such expressions i n solving crystal structures a 
complete knowledge of the relevant structure factors i s necessary. 
The structure amplitudes are experimentally observable quantities but 
the corresponding phase angles are not and their valuation constitutes 
a problem of varying magnitude from one structure analysis to 
another. 
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1.6 The Patterson Function 
One of the devices employed to solve the phase problem depends on 
a summation suggested by Patterson who defines a function 
i i i 
P(u,v,w) = V I / /p(x,y,z)p(x + u,y + v,z + w)dxdydz 
•'o . •'o ''o 
When the values for the electron densities are inserted, the Patterson 
function reduces to the form i n which i t i s more usually quoted 
P(u,v,w) = V ' F ( h k l ) P e xP- 2 , t i< h u + kv + lw) 
h k 1=-°° 
which can be summed without ambiguity since the quantities | f | a are 
d i r e c t l y derivable from the X-ray i n t e n s i t i e s . The significance of 
t h i s summation i s that when the d i s t r i b u t i o n of P(u,v,w) i s plotted 
through the unit c e l l , maxima occur at the point (uvw) when the 
vector r = ua, + vb + wc represents a vector j o i n i n g two atoms, i.e. 
when p(xyz) and p ( x + u , y + v , z + w ) are both large. The heights of 
the peaks depend on the electron densities of the atoms giving r i s e 
to them, and thus a heavy atom i n the structure w i l l give r i s e to 
r e l a t i v e l y high Patterson peaks and i t w i l l often be possible to 
discover the position of such an atom from these peaks. 
A large peak occurs at the o r i g i n of the Patterson function due 
to the vectors between a l l the atoms and themselves. 
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1.7 The Heavy Atom Method 
I f , as described above, the positions of the heavy atoms i n a 
structure are fixed by scrutiny of the Patterson function, then 
structure factors may be calculated based on the heavy atom 
contributions and used to compute an Fo synthesis which should reveal 
at least some of the l i g h t e r atom positions. I n theory t h i s process 
may be repeated using structure factors phased on the increasing 
number of located atoms u n t i l the positions of a l l of the atoms are 
known. I n practice however i t may not be possible to detect hydrogen 
atoms for reasons mentioned below. 
The assumption that the phase angles based on the heavy atoms 
alone are the correct ones for the various re f l e c t i o n s w i l l normally 
give a Fourier synthesis which i s a close approximation to the 
complete structure. Formally t h i s r e s u l t can be represented by 
w r i t i n g the structure factor for a crystal with one heavy atom i n the 
u n i t c e l l as 
F(h , k , l ) = f ^ x p ^ i t i C h x ^ + ky H + lz„) + ^ f^exp.2ni(h X t i + ky + l z ^ ) 
where f„ i s the scattering factor of the heavy atom, whose positional 
parameters are x^, y^, and z^. I f f ^ i s much greater than f ^ , then the 
f i r s t term w i l l tend to be much greater than the second, since the 
summation, being due to several atoms, w i l l usually be r e l a t i v e l y 
small. I t i s unnecessary and indeed undesirable that f should be 
H 
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greater than n 
that i s , that the heavy atom should scatter 
more than a l l the other atoms together. I f f i s too large, the 
H. 
Fourier synthesis may show only the heavy atom and some d i f f i c u l t y 
w i l l be found i n accurately locating the l i g h t e r atoms. 
As a rough guide, for successful use of the method, the sum of 
the squares of the atomic numbers of the heavy atoms and of the l i g h t 
atoms should be approximately equal. This i s seen by considering the 
equation 
which shows that, on the average, the contribution of any one atom 
to the d i f f r a c t e d i n t e n s i t y depends on the square of i t s scattering 
factor. 
Sim (1961) gives a graph showing the proportion of correct signs 
i n terms of a r a t i o r , where 
f and f being the scattering factors of the heavy and l i g h t atoms H L 
respectively, which for t h i s purpose must be taken as proportional to 
the atomic numbers. 
The signs of those structure factors to which the heavy atom makes 
only a small contribution are uncertain and Woolfson (1956) has 
V I ( h k l ) 
L, j j 
I H 
r 
a 
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suggested that each term used for the Fourier synthesis should be 
weighted according to the contribution of the heavy atom to the 
structure factor. 
of pseudosymmetry. When the space group i s non-centrosymmetric or 
i f the heavy atom i s located on or near a symmetry element, the 
symmetry of a higher space group may be simulated and the phases 
deduced from the heavy atom position alone give false information 
about the structure. 
1.8 Structure Refinement 
After an i n i t i a l structure has been obtained i t i s desirable to 
adjust the atomic parameters so as to give the best agreement between 
the observed structure amplitudes and the calculated structure factors. 
The method of least-squares refinement was employed i n the case of the 
structure analyses to be described. 
Suppose the parameters to be evaluated are px , p a, ,p n, then 
the structure factor i s some function of these parameters. 
A similar expression obtains for the observed structure amplitude 
A major d i f f i c u l t y which 
Si 
surprdmgly often i s the problem arises 
a ' P ) n 
'Pn + «„> 
where e i > a , , e are the s h i f t s required to give the true 
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st r u c t u r a l parameters. 
I f the s t a r t i n g structure i s a good approximation then €j, , 
ea , e w i l l a l l be small and F q may be expanded i n a Taylor 
series to the f i r s t order 
' Fol = f ( p i ' p 3 P n > + V * i 
i = i 
n 
3|F E *• that i s F = F + o1 c , , _ 
or |F | - |F | = ) — £ e. 
° c ^ 9p. 1 
i = i i 
An equation of this type may be derived for each r e f l e c t i o n . Each 
F i s subject to random errors of observation and suitable values of e. o J 1 
have to be found to give the best f i t between F q and F c > Error theory 
predicts that the most acceptable set of e^ i s that which minimises 
some function of the difference, (|FQ| - I F I ) with respect to the 
structure parameters, 
normally M = ^ w(| F q | - | F j )a = wAa 
hkl hkl! 
where the sum i s taken over the set crystallographically independent 
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planes and w(hkl) i s a weight for each term. 
The c r i t e r i o n that ^^wAa should be a minimum leads to a set of 
simultaneous equations, the 'normal equations', 
3|F| / 9 | F | \ a ^ 3 | F | r r - n 9 | F 
c e, y W A ^ - y w f i ^ ' V c. + y w d i i ^ r y 
L-J 3p. I—J \ ap. / 1 L-J 9p. I l—i 9 P. J . h,k,l 1 h,k,l 1 h,k,l 1 j?H J 
There are n of the equations for j = 1, ,n to determine the n 
parameters. They may be written out as 
• 8 | F j N > r-, /3|F I s /3|F K ^ 3|F I 
) 'i +) \ir~A^-)€' + " > " a t ^ 
Pi / L-J \ 9ft / \ 3 p a / I s 3p x 
W 3 
3 | F j \ / a | F | \ r / 3 | F J \" V 9 ' F I 
9Pi 3P 3 3 Pa 3 Pa 
etc. 
Al t e r n a t i v e l y the normal equations may be expressed i n matrix form 
as V* 9. . e, = b 
w , b. = \ wA 
3P, 3P, J LJ 3p hkl 1 J hkl J 
I t i s the normal equations which must be set up and solved to 
refine a structure by the least squares method. 
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For structures involving a large number of atomic parameters i t i 
frequently impracticable to calculate a l l the terms of the normal 
equation matrix a^. I n such cases i t i s necessary to consider 
approximations i n which many off-diagonal elements of a^^ ( i . e . when 
i ^ j ) are neglected. For three-dimensional data a "block-diagonal 
approximation" (Cruickshank et a l . , 1961) has been found useful which 
normally makes use of a chain of 9 x 9 matrices for the co-ordinates 
and anisotropic v i b r a t i o n parameters of each atom with a 2 x 2 matrix 
for the scale and overall isotropic v i b r a t i o n parameter. I f the 
vibrations are isotropic the coordinate matrices w i l l be 4 x 4. 
The f u l l matrix method was possible for the structures described 
herein however and advantage was taken of t h i s opportunity. The f u l l 
matrix method yielded more r e l i a b l e estimates of the standard 
deviation (see below) and, i n one case, probably gave convergence i n 
the least possible computing time. 
1.9 Accuracy of parameters derived from least-squares refinement. 
The best choice of weights 4 yielding parameters of the lov/est 
variance, i s w = — . I n general with the f u l l a., matrix for the 
normal equations, the variance of parameter i i s 
o»(p±) = ( a - 1 ) . . 
where (a l ) . . i s an element of the matrix inverse to a... 
n i j 
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I f the r e l a t i v e weights only are known, such that w = — , the 
CT3 
experimental standard deviation (e.s.d.) i s given by 
c*(p.) = (a" 1 ).. ^ ^wA a yCm-n) 
where m i s the number of observations and n i s the number of parameters; 
- i.e. (m-n) i s the number of degrees of freedom. 
In the block-diagonal approximation variances may be estimated 
using the inverses of the block matrices, but the values thus 
derived somewhat underestimate the true variances because of the 
neglect of the inter-atomic interactions i n the f u l l matrix (Hodgson 
and R o l l e t t , 1963). 
1.10 Termination of series effects and Absorption errors. 
Although an i n f i n i t e number of terms ought to be considered when 
a Fourier synthesis i s used during a structure determination, i n 
practice there w i l l generally be an experimental l i m i t a t i o n on the 
number of terms available. The result of including only a f i n i t e number 
of terms i s that peaks of electron density appear surrounded by 
ripples which may cause other peaks i n the unit c e l l to be displaced 
from t h e i r true positions. Such "termination of series" effects may be 
overcome by use of a difference synthesis, i n which the quantity 
(F - F ). , , replaces (F ), , , as the Fourier c o e f f i c i e n t , or by least o c hkl r c hkl ' 
squares refinement procedures. 
Errors i n X-ray data due to absorption by the specimen can change 
the shape of electron density maxima i n a systematic way also. For 
-20-
example, the use of a specimen of e l l i p t i c c ross-section without 
c o r r e c t i o n f o r absorption, may lead to F o u r i e r peak shapes very 
s i m i l a r to those produced by a n i s o t r o p i c thermal v i b r a t i o n ( J e l l i n e k , 
1958). However, J e l l i n e k suggests t h a t since the d e r i v a t i o n s of 
atomic parameters (except f o r hydrogen) depend mainly on the i n t e n s i t i e s 
of the high order r e f l e x i o n s while systematic e r r o r s due t o 
absorption are l a r g e s t at low values of 8 a m o d i f i c a t i o n of the 
d i f f e r e n c e synthesis method should give improved r e s u l t s . Accurate 
atomic parameters (except f o r hydrogen) and scale f a c t o r should be 
determined from moderate and h i g h angle r e f l e x i o n s only and then a 
d i f f e r e n c e synthesis i n v o l v i n g the low order r e f l e x i o n s w i l l r e v e a l 
the e f f e c t s of systematic e r r o r s such as absorption. I t i s suggested 
t h a t a f t e r these e r r o r s have been a p p r o p r i a t e l y corrected f o r (by a 
procedure which can be r e i t e r a t e d ) improved r e s o l u t i o n of the 
s t r u c t u r e may be obtained from a new low-angle r e f l e x i o n s d i f f e r e n c e 
synthesis. 
A more s a t i s f a c t o r y approach i s t o c o r r e c t the o r i g i n a l i n t e n s i t y 
data f o r absorption e r r o r s . Busing and Levy (1957) have put forward 
a method which i s w e l l s u i t e d f o r automatic computation. The 
f u n c t i o n to be computed i s given by 
where v i s the c r y s t a l volume, \i the l i n e a r absorption c o e f f i c i e n t and 
A exp. [ - / j ( r + r d ) ] d v 
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r ^ , r ^ the path lengths of the primary and d i f f r a c t e d beams 
r e s p e c t i v e l y w i t h i n the c r y s t a l f o r r e f l e x i o n by the volume element dv. 
I n order t o f i x the boundaries of the c r y s t a l the n plane faces 
are defined by n i n e q u a l i t i e s of the form 
a x + b y + c z - d £ 0 s s^ s s 
where s = 1,2, ,n. To s a t i s f y these c o n d i t i o n s the c r y s t a l must 
have no r e - e n t r a n t angles. 
The i n t e g r a l s are evaluated by the method of Gauss, the t r i p l e 
i n t e g r a l reducing t o a summation of the form 
b d f m n 1 
J dx J dy J g ( x , y j Z ) d z ^ ^ ^ ( b - a X d - c X f - e ^ R ^ g C x ^ z . . ) 
a c e 
i 1 1 
where the R^'s are the r e l a t i v e weights of the terms i n the sum and are 
tab u l a t e d f o r a l l values of m ^  16. 
An a n a l y t i c a l method of c o r r e c t i o n f o r absorption has also been 
described (de Meulenaer and Tompa, 1965). This involves the d i v i s i o n 
of the c r y s t a l i n t o a number of elementary polyhedra throughout each 
of which the sum of the path lengths i s a l i n e a r f u n c t i o n of the 
co-ordinates of the volume element. This may give b e t t e r r e s u l t s than 
Busing and Levy's method when an i n s u f f i c i e n t number of sampling p o i n t s 
(m,n,l) are used i n the l a t t e r case. 
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Chapter Two 
Some Aspects of the Organometallic and Hydride Chemistry 
of Zinc and Magnesium 
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2.1 I n t r o d u c t i o n 
This t h e s i s i s concerned w i t h the s t r u c t u r a l chemistry of 
compounds co n t a i n i n g zinc and magnesium and s p e c i f i c a l l y w i t h the 
chemical i n f o r m a t i o n which may be gleaned from the s o l u t i o n of the 
c r y s t a l s t r u c t u r e s of three such compounds. An extension i s made t o 
the i n f o r m a t i o n a v a i l a b l e concerning i n t e r n a l c o - o r d i n a t i o n complexes 
of organozinc compounds and a c o n t r i b u t i o n i s made to the discussion 
of the r e a c t i o n between Grignard reagents and carbonyl compounds. 
The c r y s t a l s t r u c t u r e of the f i r s t known c r y s t a l l i n e zinc hydride i s 
described. 
The organometallic compounds of zinc and magnesium are w e l l known 
(Coates and Wade, 1968) and i t i s proposed to concentrate only on 
aspects of the more recent developments i n t h e i r chemistry. 
Bearing i n mind t h a t the c h a r a c t e r i s t i c valency of these metals 
i s two, t h e i r compounds e x h i b i t a remarkable v a r i e t y of s t r u c t u r e s some 
of which have only r e c e n t l y been e l u c i d a t e d . 
2.2 I n t e r n a l Co-ordination Complexes of Magnesium and Zinc A l k y l s 
Considerable a t t e n t i o n has been devoted t o the so-c a l l e d " I n t e r n a l 
c o - o r d i n a t i o n complexes" of group I I metals which r e s u l t when a metal 
d i a l k y l or d i a r y l compound reacts w i t h a substance (HA) con t a i n i n g 
r e a c t i v e hydrogen, t o give a product of the type RMA. Such a compound 
i f monomeric would be c o - o r d i n a t i v e l y unsaturated at the metal atom, 
which would i t s e l f have enhanced acceptor c h a r a c t e r i s t i c s due t o the 
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d i p o l e M—A. I f the moiety A possesses any lone p a i r electrons on the 
atom attached t o metal then t h e i r donor p o t e n t i a l w i l l be increased f o r 
the same reason. The chemistry of compounds of t h i s type i s h i g h l y 
i nfluenced by the various methods whereby the valency s h e l l s of the 
metal stoms may be expanded. The compounds do of course f r e q u e n t l y 
associate and degrees of a s s o c i a t i o n of 2,3,4,5,6 and i n f i n i t y have been 
reported i n various cases. 
The f a c t o r s which a f f e c t the degree of a s s o c i a t i o n of t h i s type of 
compound are now beginning t o be understood though t h e i r r e l a t i v e 
importance i s sometimes obscure (Beachley and Coates, 1965). 
Some of the p r i n c i p l e considerations are 
a) Valence Angle Deformation 
Atoms of high atomic number may t o l e r a t e deformation of t h e i r 
valence angles away from the values expected f o r t h e i r p a r t i c u l a r s t a t e 
of h y b r i d i s a t i o n more e a s i l y than l i g h t e r elements ( G i l l e s p i e , 1960). 
Valence angle deformation i s g r a d u a l l y r e l i e v e d w i t h the formation of 
l a r g e r c y c l i c oligomers and polymers. 
b) S t e r i c I n f l u e n c e of Bulky Substituents on the Donor Atom 
S t e r i c i n t e r f e r e n c e between bulky s u b s t i t u e n t s appears to increase 
as the degree of a s s o c i a t i o n increases. Thus (EtZnOCHPl^)^ i s t r i m e r i c 
w h i l e (EtZnOCPh.j)3 i s a dimer. These f i r s t two f a c t o r s w i l l tend to 
work i n opposition. Complexes w i t h bulky s u b s t i t u e n t s on the donor 
atoms w i l l tend towards dimeric s t r u c t u r e s . On the other hand dimers 
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n e c e s s a r i l y i n v o l v e considerable valence angle s t r a i n i n a f o u r -
membered r i n g . Large oligomers w i l l r e l i e v e valence angle s t r a i n but 
w i l l b r i n g bulky s u b s t i t u e n t s i n t o closer p r o x i m i t y . 
c) Entropy 
The e f f e c t of entropy w i l l always be to favour the formation of 
dimers i n preference to t r i m e r s , tetramers or more associated species 
since t h i s a f f o r d s the greatest number of independent molecules per 
u n i t mass. 
d) The Nature of r e a c t i o n intermediates 
Intermolecular condensations i n v o l v i n g polymeric intermediates are 
expected to r e s u l t i n polymeric, t e t r a m e r i c or t r i m e r i c products and 
i n t r a m o l e c u l a r condensations going through monomeric intermediates should 
favour the dimer as the associated species (Beachley and Coates, 1965). 
Most of the work on the f a c t o r s a f f e c t i n g degree of a s s o c i a t i o n has 
been concerned w i t h the organic compounds of Group I I I elements. 
However s u f f i c i e n t i n f o r m a t i o n i s a v a i l a b l e on the c o - o r d i n a t i o n 
complexes of magnesium (Coates and Heslop, 1966; Coates and Ridley, 1967; 
Coates ec a l . , 1368) and zinc (Coates and Ridley, 1965; Coates and 
R i d l e y , 1966; Boersma and Noltes, 1968) t o e s t a b l i s h t h a t the above 
f a c t o r s are important i n connection w i t h the a s s o c i a t i o n of compounds of 
these elements also. 
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2.2.i Complexes w i t h 1-atom donor groups 
a) From r e a c t i o n s w i t h amines 
When the l i g a n d attached to metal i s a secondary amine, only one 
lone-pair of ele c t r o n s i s a v a i l a b l e on the n i t r o g e n f o r c o - o r d i n a t i o n 
and compounds of the type RMNR'^  can only associate to form open r i n g 
s t r u c t u r e s or polymers i n which the metal atoms are three-co-ordinate. 
Aminoberyllium a l k y l s have been recorded which have e i t h e r 
dimeric or t r i m e r i c s t r u c t u r e s , the r i n g size i n t h i s case apparently 
being determined by s t e r i c e f f e c t s . 
Methyl and ethyl(diphenylamino)zinc have been i s o l a t e d and are 
dimeric i n benzene s o l u t i o n . An X-ray s t r u c t u r e analysis of methyl-
(diphenylamino)zinc, (MeZnNPt^^, (Shearer and Spencer, 1967) has 
confirmed t h a t the molecule i s dimeric i n the s o l i d phase also. The 
s t r u c t u r e incorporates a four-membered Zn£^ r i n g i n which the zinc 
atoms are three-co-ordinate, as shown on the f o l l o w i n g page. 
No t r i m e r i c aminozinc a l k y l s have yet been reported since the 
r e a c t i o n of dimethylamine w i t h dimethylzinc r e s u l t s i n d i s p r o p o r t i o n a t i o n 
products and only b i s dimethylamincsinc [ ( M e 2 N ) 2 Z n ] x has been i s o l a t e d . 
The s i t u a t i o n w i t h regard to aminomagnesium a l k y l s i s more complex 
due both to the high tendency f o r a l k y l groups bound t o magnesium t o 
form a l k y l bridges and to the necessity of working w i t h I^Mg i n s o l u t i o n 
i n donor solvents such as d i e t h y l e t h e r and t e t r a h y d r o f u r a n , which are 
o f t e n d i f f i c u l t to remove from the r e a c t i o n products. 
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An example of an e t h e r - f r e e aminomagnesium a l k y l i s a v a i l a b l e 
however; isopropyl(di-isopropylamino)magnesium, (Pr'SlgNPr' 1^^, may be 
formulated with e i t h e r of the two s t r u c t u r e s shown 
H M e 2 
C, 
Pr2N—Mg Mg-NPr' 2 
V 
HMe 2 
Pr' 
P r - M g Mg—Pr 
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N 
Pr 2 
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although an asymmetrically bridged s t r u c t u r e cannot be r u l e d out. 
b) From reactions w i t h alcohols 
The f a c i l e r e a c t i o n between zinc a l k y l s and alcohols has been 
known since the f i r s t p r eparation of zinc a l k y l s by Frankland i n 1849. 
The oxygen atom i n products of the type RMOR' has a second lone 
p a i r a v a i l a b l e f o r c o - o r d i n a t i o n . This enables the alkoxides to 
associate t o form cage s t r u c t u r e s i n which the metal atom achieves a 
p r e f e r r e d c o - o r d i n a t i o n number of four. 
The molecular weight of methylzinc methoxide determined cryoscop-
i c a l l y i n benzene i n d i c a t e s t h a t the molecule i s a tetramer, (MeZnOMe) 
X-ray s t r u c t u r e analysis (Shearer and Spencer, 1966) has shown t h a t 
methylzinc methoxide i s also tetrameric i n the c r y s t a l , w i t h zinc and 
oxygen atoms near the corners of a d i s t o r t e d cube as shown 
C c 
Zn Zn 
Zn 
/ 
C i 
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Many other compounds (RMOR1)^ where M i s Be, Mg, Zn or Cd have 
been found to be tetrameric i n benzene and may be i s o s t r u c t u r a l w i t h 
methylzinc methoxide. 
Dimeric and t r i m e r i c a l k y l z i n c alkoxides are found when the organic 
groups attached to oxygen are very l a r g e . 
Alkylmagnesium alkoxides have been mentioned i n various connections 
and are discussed i n a review (Wakefield, 1966). Two of them have been 
found t o be t r i m e r i c , (EtMgOEt)^ i n d i e t h y l ether (Blomberg and 
Vreugdenhil, 1965) and (Bu t lMgOPr 1)^ i n benzene (Bryce-Smith and Graham, 
1966). 
Since alkylmagnesium alkoxides f e a t u r e i n the most reasonable 
mechanisms f o r the r e a c t i o n between Grignard reagents and carbonyl 
compounds, i n f o r m a t i o n bearing on t h e i r c o n s t i t u t i o n i s held t o be of 
p a r t i c u l a r i n t e r e s t (Coates et a l . , 1968). 
The most commonly occurring associated species when there i s chain 
branching at the carbon a t o the oxygen appears to be the tetramer as 
i n (EtMgOPr 1)^. I n other cases higher degrees of as s o c i a t i o n are found. 
Ethylmagnesluni n—propcxide and xsopropylmagnesnini tnethcxj.de and ethcxxde 
are oligomers which have degrees of a s s o c i a t i o n i n benzene i n the range 
7-8*4. These alkoxides are probably polymeric i n the c r y s t a l l i n e s t a t e , 
c ) From r e a c t i o n s w i t h t h i o l s . 
The t h i o d e r i v a t i v e s show diverse degrees of a s s o c i a t i o n . Methyl-
zinc methylsulphide i s i n s o l u b l e i n benzene and i s assumed t o be polymeric 
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i n the s o l i d s t a t e . Other t h i o d e r i v a t i v e s of methylzinc are somewhat 
anomalous. Methylzinc isopropyl-sulphide was found t o be hexameric i n 
benzene s o l u t i o n but a p r e l i m i n a r y X-ray i n v e s t i g a t i o n i s consistent 
w i t h the existence of octamers i n the c r y s t a l (Adamson and Shearer, 
1967). And whereas methylcadmium t - b u t y l s u l p h i d e i s tetrameric i n 
benzene, methylzinc t - b u t y l s u l p h i d e i s a pentamer. 
A c r y s t a l s t r u c t u r e analysis of methylzinc t - b u t y l s u l p h i d e 
(Adamson and Shearer, 1966) has confirmed t h a t the molecule i s a 
pentamer (MeZnSBu*"),., i n the c r y s t a l . The zinc atoms l i e near the 
(MeZnSBu l) 5 , 
Zn„-S,. 2-32 A Z n . - S . 2-28A 2 "1 1 1 
Z n i - S 5 2 9 8 2 " 7 1 
Z n 3 - S 5 2-51 2 - 5 1 
All other Zn-S 2-41 - 2-47 
Mean values: 
Zn-C 201, S - C 1-88, C - C 1-55 
corners of a square-based pyramid w i t h the a p i c a l atom, Zn(5), closer 
t o Zn(3) and Zn(4). The sulphurs S(2), S(3), S(4) l i e above the centres 
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of the t r i a n g u l a r faces, S ( l ) l i e s above the face defined by Z n ( l ) , 
Zn(2) and Zn(5), but i s much f u r t h e r away from Zn(5). S(5) l i e s below 
the basal plane and i s somewhat closer to Zn(3) and Zn(4). The 
arrangement r e s u l t s i n the three zinc atoms Zn(3), Zn(4), Zn(5) and 
the four sulphur atoms S(2), S(3), S(4) and S(5) l y i n g near the 
corners of a cube. With one methyl bonded to each zinc and one t - b u t y l 
t o each sulphur a l l the zinc atoms and three of the sulphurs are f o u r -
co-ordinate whereas S ( l ) i s three-co-ordinate and S(5) i s f i v e - c o -
o r d i n a t e . I t i s very p u z z l i n g t h a t (MeZnSBut)^ p r e f e r s a pentameric 
arrangement i n which one sulphur atom i s only three-co-ordinate t o the 
"cubane" s t r u c t u r e of methylzinc methoxide. There i s no evidence of 
s i g n i f i c a n t s t e r i c i n t e r a c t i o n s between organic groups i n (MeZnSBu ),_. 
The seven atoms Zn(3), Zn(4), Zn(5), S(2), S(3), S(4) and S(5) l i e 
near the corners of a cube and on s t e r i c grounds there seems to be no 
reason why a MeZn moiety should not be accommodated at the e i g h t h 
corner of the cube. 
I n the case of the t h i o d e r i v a t i v e s of alkylmagnesium, the second 
lone p a i r on the sulphur atom competes unsuccessfully w i t h ether 
(present as solvent during t h e i r p r e p a r a t i o n ) f o r the f o u r t h co-
o r d i n a t i o n p o s i t i o n about the metal atom. A l l the complexes of t h i s 
type which have been reported are etherates and are d i m e r i c , probably 
w i t h s t r u c t u r e s s i m i l a r t o that shown f o r (MeMgSBut.THF)_. 
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d) Halides 
Monomeric Grignard reagents have been found t o complete the four -
c o - o r d i n a t i o n of the magnesium atom by the i n c o r p o r a t i o n of two co-
o r d i n a t i v e l y bound ether molecules per mole (Rundle and Stucky, 1964; 
Guggenberger and Rundle, 1964). More r e c e n t l y dimeric Grignard 
reagents have been i s o l a t e d . The d i e t h y l ether complex of t - b u t y l -
magnesium c h l o r i d e (Bu MgCl.OEtg^ i - s predicted (Coates and Heslop, 
1968) t o have c h l o r i n e bridges and an X-ray s t r u c t u r e analysis (Stucky 
and Toney, 1967) has shown t h a t the t r i e t h y l a m i n o adduct of e t h y l -
magnesium bromide (EtMgBr,NEt 3) 2, which i s also dimeric, has a bromine' 
bridged s t r u c t u r e . 
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Alkoxy bridges are p r e f e r r e d to halogen bridges i n the dimeric 
d i e t h y l ether complex of t-butoxymagnesium bromide (Bu t0MgBr.0Et2)2-
The unsolvated a l k y l z i n c h a l i d e s a f f o r d examples of two d i f f e r e n t 
degrees of a s s o c i a t i o n also. E t h y l z i n c c h l o r i d e and bromide are 
t e t r a m e r i c i n benzene s o l u t i o n (Boersma and Noltes, 1966) and a 
"cubane" s t r u c t u r e i s envisaged f o r these, s i m i l a r t o t h a t of methyl-
zinc methoxide. E t h y l z i n c i o d i d e forms a c o - o r d i n a t i o n polymer i n the 
c r y s t a l which extends i n two dimensions and r e s u l t s i n a layer 
s t r u c t u r e . I t i s possible t h a t methylzinc methylsulphide and the 
polymeric alkylmagnesium alkoxides mentioned e a r l i e r have s i m i l a r 
s t r u c t u r e s . 
The co-ordinate bonding i n unsolvated e t h y l z i n c h a l i d e s i s weaker 
than t h a t i n the corresponding alkoxides as i s apparent from t h e i r 
complex forming behaviour. Whereas compounds RZnOR' ( w i t h the s p e c i a l 
exception of(Bu^ZnBu*")^ (Boersma and Noltes, 1968))do not form 
complexes w i t h p y r i d i n e (py) (Coates and Ridley, 1965), e t h y l z i n c 
c h l o r i d e and bromide dissolved i n n-pentane form s t a b l e monomeric 1:2 
complexes t y p i f i e d by EtZnCl.2Py (Boersma and Noltes, 1966). 
2 . 2 . i i Complexes w i t h 2-atom donor groups 
When the donor group attached t o metal contains two e l e c t r o n e g a t i v e 
atoms a greater number of s t r u c t u r a l p o s s i b i l i t i e s a r i s e . I n some cases 
both donor atoms are involved i n c o - o r d i n a t i o n and i n other cases only 
one. 
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The complex formed by the r e a c t i o n between 2-methoxyethanol and 
dimethylzinc i s tetrameric (MeZnOCH^CH^OMe)^ and i s believed t o be 
l i k e the "cubane" type tetramers because the donor strength of the 
oxygen bound t o zinc i s greater (due t o the e l e c t r o p o s i t i v e character 
of the metal) than t h a t of the ether oxygen. The ether-side chains 
w i l l protrude from the corners of the cube r e s u l t i n g i n a molecule of 
low symmetry and t h i s i s probably responsible f o r the f a c t t h a t methyl-
zinc-methoxy ethoxide i s a l i q u i d . 
The 2-dimethylaminoethoxy d e r i v a t i v e s of dimethyl and d i e t h y l z i n c 
are however both t r i m e r s . The preference f o r an open r i n g s t r u c t u r e 
CHT-CH 
NMe2 
Me2N ZnR ZnR / HoC 
2 \ O o HoC ZnR CH 
CH N 
Me 2 
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i n t h i s case i s probably due to the f a c t that the nitrogen lone p a i r 
competes s u c c e s s f u l l y with the fourth valency of the r e l a t i v e l y r a r e l y 
encountered four-co-ordinate oxygen f o r a co-ordination s i t e about 
the metal atom. 
Me2Mg and M^Zn form complexes w i t h NNN'-trimethylethylenediamine-
(TriMED) which are dimeric i n benzene and are b e l i e v e d to have 
s t r u c t u r e s s i m i l a r to that shown f o r (MeZnTriMED)„ 
C H 2 - M e 2 N Me 
Zn 
CH 2-MeN^ NMe-CH; 
Zn 
M e x N M e 2 C H 2 
B e r y l l i u m d i a l k y l s form a s e r i e s of complexes with TriMED a l s o 
(Coates and Roberts, 1968) which are dimeric when the a l k y l groups are 
s m a l l but monomeric when the a l k y l groups are l a r g e as i n 
(Bu tBeTriMED) 1. The c r i t i c a l s i z e of the a l k y l group seems to be a t 
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isopropyl. (Pr BeTriMED)^ i s dimeric i n benzene but i s the only 
compound i n the series for which the proton magnetic resonance (PMR) 
doublet of the isopropyl group i s s p l i t to a quartet. This data i s 
interpreted to mean that the s t e r i c interference arising from the 
size of the a l k y l groups i s allowing two isomeric forms to interconvert 
at a rate detectable by the PMR technique. 
Zinc and beryllium hydrides form hydride complexes with TriMED. 
The zinc compound (HZnTriMED^ i s dimeric i n benzene and an X-ray 
analysis has shown that i n the c r y s t a l the structure i s analogous to 
that shown above for (MeZnTriMED)^. The beryllium analogue however i s 
trimeric i n benzene and probably polymeric i n the solid state (Schneider 
and Shearer, 1968). An X-ray structure analysis of this compound i s i n 
progress. 
Also worthy of mention here i s the structure of tetrameric methyl-
zinc dimethylketoximate (MeZnONrCM^)^ i n which use i s made of both 
nitrogen and oxygen for co-ordinate bonding. 
A cage structure results i n which, s i g n i f i c a n t l y , four-membered 
rings are avoided. There are four five-membered rings and two adjacent 
six-membered rings and a l l of the oxygen atoms are three-co-ordinate. 
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2.3 The C o n s t i t u t i o n of E t h y l z i n c Halides i n S o l u t i o n . 
E t h y l z i n c h a l i d e s d i s s o l v e d i n donor solvents.do not r e t a i n the 
molecular s t r u c t u r e s of the s o l i d compounds and a d i s c u s s i o n of t h e i r 
c o n s t i t u t i o n , p a r a l l e l to the i n t e r e s t i n Grignard reagents has 
continued over s e v e r a l y e a r s . 
The e m p i r i c a l formula of c r y s t a l l i n e e t h y l z i n c iodide as prepared 
by the a c t i o n of e t h y l iodide on a Zn/Cu couple has been e s t a b l i s h e d 
as C2H,-ZnI and a t the same time i t has been shown (Jander et a l . , 1958) 
t h a t r e a c t i o n between d i e t h y l z i n c and zi n c iodide i n the absence of solvent 
y e i l d s the same s o l i d m a t e r i a l . A number of experiments have been 
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directed towards discovering the nature of the species existing i n 
solutions of ethylzinc iodide and various chemical e n t i t i e s , based on 
the empirical formula C2H,-ZnI have been postulated. 
I t i s reported (Kocheshkov et a l . , 1963) that the addition of 
Grignard reagents RMgX (where R j Et) to solution of ethylzinc iodide 
i n ether affords high yields of unsymmetrical dialkylzincs RZnEt, 
which observation may be interpreted (job and Reich, 1923) as being more 
consistent with a structure EtZnl (1) than with the unsymmetrical 
dimer of the form Et2Zn.Znl2 (2) for ethylzinc iodide. However such 
data does not preclude the p o s s i b i l i t y of structures such as ( E t Z n l ^ 
( 3 ) , (EtZnl)^ (4) or of e q u i l i b r i a involving any combination of the 
species 1 - 4 . 
The proton magnetic resonance (PMR) spectra of ethereal solutions 
of ethylzinc iodide and diethylzinc are very similar having a sharp 
t r i p l e t at r 8*95 p.p.m. and a sharp quartet at r 9*92 p.p.m. I t was 
o r i g i n a l l y suggested (Evans and Maher, 1962) that such s i m i l a r i t i e s 
were more consistent with structure (2) above than with structure (1). 
However i n the l i g h t of subsequent infra-red and Raman spectraldata 
(Evans and Wharf, 1966) i t appears that t h i s deduction was incorrectly 
drawn. I t i s not immediately evident why PMR cannot distinguish between 
species such as Et2Zn and EtZnl. 
When 2,2'bipyrid*«e=(bipy) i s added to mixtures of zinc chloride and 
diethylzinc which have stood for 120 hours i n solvent ether or i n solvent 
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tetrahydrofuran (THF), the complex ZnGl^Cbipy) preciptates out. When 
65 65 
ZnC^ i s used a s t a t i s t i c a l exchange of Zn i s observed (Dessy and 
Coe, 1963). Molecular weight determinations on a mixture of d i e t h y l -
zinc and zinc chloride i n solvent THF correspond either to (a) no 
inter a c t i o n at a l l between diethylzinc and zinc chloride or to (b) a 
monomer EtZnCl. Together these two results might be quoted as evidence 
for a monomeric structure for ethylzinc chloride i n solution i n THF but 
i t would not be correct to extrapolate and draw general conclusions 
about the bromide and iodide or about solutions i n other solvents with-
out more data. 
Ebullioscopic measurements of solutionsof ethylzinc iodide i n ether 
and i n THF respectively coupled with an experiment involving the addition 
of NNN'N'tetramethylethylenediamine (TMED) to precipitate the complex 
EtZnl(TMED) from each solution have demonstrated (Abraham and Rolfe, 1967) 
that the "Schlenk" equilibrium 
Et 2Zn + Z n l 2 v * 2EtZnI 
l i e s well to the r i g h t i n these two solvents. 
The results of the work on the diethylzinc-zinc halide system i n 
donor solvents may be s a t i s f a c t o r i l y expressed i n terms of the general 
syn-proportionation/symmetrisation equilibrium 
Et 2Zn + ZnX2 v ' 2EtZnX 
where the equilibrium probably l i e s strongly on the side of the syn-
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proportionation species (EtZnX) for the systems examined. 
In the absence of a donor solvent the properties of ethylzinc 
halides show some di v e r s i t y (Boersma and Noltes, 1966). Ethylzinc 
chloride and bromide show sharp melting points and give clear solutions 
i n aprotic non polar solvents such as n-hexane or toluene. As 
mentioned ea r l i e r both are tetrameric cryscopically i n benzene. Ethyl-
zinc iodide on the other hand melts with decomposition and deposits a 
residue of Z n ^ when attempts are made to dissolve i t i n non-polar 
solvents. This i s no doubt a r e f l e c t i o n of the polymeric nature of the 
s o l i d , there being apparently no smaller degree of association available 
to the iodide without solvation. 
The Schlenk equilibrium for EtZnCl and EtZnBr dissolved i n n-pentane 
or toluene l i e s essentially on the r i g h t at room temperature. Neither 
ZnCl^ nor ZnBr^ precipitate from solution and upon addition of 2,2'-
bipyridine ( b i p y ) , the orange-red colour of Et2Zn.bipy (Noltes and Van 
den Hurk, 1965) i s barely perceptible. This does not hold true for 
ethylzinc iodide as appears from the presence of insoluble Z n ^ i n 
hydrocarbon solvents added to solid EtZnl and from the formation of 
Et2Zn.bipy upon addition of 2,2'bipyridine. Thus i t seems that the 
monomeric species EtZnl i n solution requires donor ligands for s t a b i l i t y . 
D i f f i c u l t i e s i n c r y s t a l l i z i n g ethylzinc iodide from solution i n 
ethyliodide are understandable i n terms of the molecular adjustment 
which i s required to take place 
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2.4 The Reaction of Grignard Reagents with Ketones. 
The reactions of Grignard reagents are inevitably complex due to the 
complicated structure of the Grignard reagents themselves and are the 
more d i f f i c u l t to study as a result of the a i r sensitive nature not 
only of the reactants but also of some of the products. Grigiiard 
reactions have been reviewed comprehensively i n two books (Yoffe and 
Nesmeyanov, 1957; Kharasch and Reinmuth, 1954) and two review a r t i c l e s 
(Ashby, 1967; Salinger, 1963). I t would not be feasible to give more 
than a b r i e f outline of the topic here. 
The theory that the i n i t i a l step i n the reaction of a ketone with a 
Grignard reagent i s the replacement of a solvent molecule co-ordinatively 
bound to the Grignard, by an approaching ketone molecule (Strauss, 1912) 
has subsequently been supported by experiments ( P f e i f f e r and Blank, 
1939) which show that the presence of a strong base (e.g. pyridine) i n 
the Grignard solution i n h i b i t s reaction with ketones considerably. 
Subsequent steps i n the reaction are less easy to elucidate and 
c o n f l i c t i n g theories have diff e r e d both concerning the nature of the 
Grignard e n t i t y with which the ketone i n i t i a l l y interacts and i n the 
order of reaction with respect to Grignard. 
Three products of the reaction are possible 
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( i ) Normal Addition 
R'R"C=0 + RMgX >- R'R"RCOH (aft e r hydrolysis) 
( i i ) Reduction of the Ketone 
R'R"C=0 + RCH2CH2MgX >• R'R"CHOH + RCH=CH2 ( a f t e r hydrolysis) 
( i i i ) Enolate formation 
(R'CH2)R"C=0 + RMgX >- R*CH=C(OMgX)R" + RH 
R'CH=C(OMgX)R'» + H20 >- (RCH2)R"C=0 
depending on reaction conditions and on which a l k y l groups are 
represented by R, R', R". The kinetics of the reduction reaction have 
been studied (Singer, Salinger and Mosher, 1967) but the normal addition 
reaction has received most attention. 
The f i r s t serious mechanistic suggestion for the addition (Swain 
and Boyles, 1951) was that the reaction was t h i r d order: f i r s t order i n 
ketone and second order i n Grignard reagent as follows 
|| fast R^ R' 
R-C-R + R'MgX v v C=0 . . . Mg^ 
i r N x 
R 
*- R-C-OMgX + R'MgX 
R 
( 
R' 
;C=0 .... Mg^ + R'MgX 
N X R ' 
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After 1957 when the Grignard reagent was reported to have the 
R2Mg.MgX2 structure (Dessy et a l . ) a bimolecular mechanism involving 
one molecule of ketone and one molecule of unsymmetrical dimeric 
Grignard reagent was proposed (Bikales and Becker, 1962; Hamelin and 
Hayes, 1961; M i l l e r et a l . , 1961) 
R-C-R + Mg"^  ^Mg >• XC^C*- Mg-X >• R-C-OMg^  j^Mg-R' 
R'^ R / - X A R' ^ X 
RV (X 
Mg X 
R» 
Since the return to favour of a monomeric structure for the 
Grignard reagent (Ashby and Smith, 1964) however the above proposal has 
los t headway. I t has been suggested recently (Holm, 1968) that i n the 
reaction between butylmagnesium bromide and acetone the i n i t i a l step 
involves co-ordination of acetone to a l l three magnesium containing 
constituents of the Schlenk equilibrium 
RMgBr + Acetone ^ x Complex 1 
R^ Mg + Acetone v v Complex 2 
MgB^ + Acetone Complex 3 
but that the equilibrium involving RMgBr probably accounts for 90% of 
the co-ordinated acetone. 
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Th e si t u a t i o n may be even more complicated by the p o s s i b i l i t y that 
the mechanism varies from one Grignard reagent to another since i t has 
been shown that Grignard reagents themselves may have more than one 
type of structure, c e r t a i n l y i n the so l i d state (Stucky and Toney, 1967) 
and probably also i n concentrated solutions (Ashby and Walker, 1967). 
For the reaction of benzophenone and methylmagnesium bromide i n 
diethyl ether k i n e t i c results have been obtained which support a 
suggested mechanism (Ashby, Duke and Neumann, 1967) which resembles 
Swain's o r i g i n a l scheme 
R 
,C=0 + R'MgX ^  \ C=0 Mg, R \ 
R' 
C^sT '• Mg-R 
R 
•>- R-C-OMgR 
R' 
C=0 Mg + R'MgX 
Mg 
X 
R R R 
R-C-OMgR' + MgX- 4 > R_C—0—Mg-R' < > R-C-OMgX + R'MgX 
R' L R' R' 
Mg-X 
X 
To account for the drop i n reaction rate observed after half of the 
available a l k y l groups i n the Grignard reagent have been consumed i n 
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reaction with ketone the mechanism above requires that the reaction 
between alkylmagnesium alkoxide and magnesium halide (regenerating 
Grignard reagent) be slow r e l a t i v e to the other stages of the overall 
reaction. I n fact i t has been shown (Ashby and Arnott, 1967) that the 
r e d i s t r i b u t i o n of alkylmagnesium alkoxides and magnesium bromide to 
form alkoxymagnesium bromide i s rapid. Thus i t appears that the 
details of the f i n a l step are not clear even now. 
The alkoxymagnesium halide product has been isolated i n a number 
of cases (Coates et a l . , 1968). Often, as i n the reaction between 
benzophenone and methylmagnesium bromide, the product i s insoluble i n 
ether, but t-butoxymagnesium bromide prepared from acetone and methyl-
magnesium bromide i s soluble i n ether and i n benzene. (ButOMgBr.OEt2)2 
i s dimeric i n both these solvents and also i n the solid phase. An 
X-ray structure analysis has revealed that the dimer consists of two 
units of Bu^MgEr.0Et2 linked round a centre of symmetry by means of a 
four-membered r i n g involving the butoxy oxygens. One ether 
molecule i s co-ordinatively bound to each magnesium bringing the 
co-ordination number of the metal atom to four. Such a structure i s 
consistent with current expectations of the chemical characteristics 
of the magnesium atom i n Grignard systems. 
A l l the questions concerning Grignard reaction mechanisms involving 
various a l k y l groups and even i n d i f f e r e n t solvents have not yet been 
answered but i t would appear that progress i s being made i n the r i g h t 
direction. 
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2.5 Zinc and Magnesium Hydrides 
Zinc hydride as prepared from l i t h i u m aluminium hydride and 
dimethylzinc or zinc iodide, 
ZnX2 (X = Me or I ) + 2LiAlH^ = ZnH2 + 2LiAlH 3X 
i s a non v o l a t i l e , insoluble material decomposing slowly at room 
temperature and rapidly at 90°C. I t has been suggested (Mackay, 1966) 
that zinc hydride i s probably an electron deficient-bridged polymer. 
Few reactions of zinc hydride have so far been reported, no doubt 
due to s o l u b i l i t y d i f f i c u l t i e s . A suspension i n ether reacts with 
diborane to form zinc borohydride ZnCBH^^ (Barbaras et a l . , 1951). 
Zinc hydride reacts with NNN 1trimethylethylenediamine (TriMED) to 
give a hydrido complex (HZnTriMED^ which may be c r y s t a l l i s e d from 
toluene (Bell and Coates, 1968) and i s dimeric both i n benzene and i n 
the c r y s t a l . An X-ray structure analysis has revealed a Z ^^ four-
membered ring and terminal zinc hydrogen bonds. A broad band at 1825 
cm ^ (width at half-height ca. 120 cm"''') which i s beyond a l l reasonable 
doubt associated with zinc-hydrogen vibrations suggests that the Zn-H 
bond i s predominantly covalent. 
There are indications of an intermediate methylzinc hydride 
(Barbaras et a l . , 1951) and the preparation of iodozinc hydride, HZnl 
i s reported (Wiberg et a l . , 1951; Wiberg et a l . , 1952). 
Magnesium hydride i s far more stable than zinc hydride and was 
i n i t i a l l y prepared as long ago as 1912 ( j o l i b o i s ) by the pyrolyses of 
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Grignard reagents. An X-ray structure analysis (Ellinger et a l . , 1955) 
has shown that the magnesium hydride crystal has the r u t i l e structure, 
although the bonding involved i s believed to be on the borderline between 
ionic and covalent (involving electron-deficient bridges). An infra-red 
study (Mackay, 1966) revealed as the only feature of the spectrum a 
broad band strecthing from 900-1600 cm ^ which was ascribed to incipient 
bridge bonding 
Magnesium hydride dissolves slowly i n a solution of trimethylethyl-
enediamine (Bell and Coates, 1968) i n toluene and hydrolysis of the 
f i l t r a t e shows hydridic hydrogen to be present but no so l i d product 
analogous to (HZnTriMED^ i s obtained. 
The hydride chemistry of neither zinc nor magnesium i s developed 
very far and the s t a b i l i t y of the complex (HZnTriMED^ (up to a melting 
point of 120°C) seems to be uncharacteristic. 
H H 
Mg *Mg Mg 
H 
Chapter Three 
The Crystal Structure of Ethylzinc Iodide 
-48-
3.1 Introduction 
Ethylzinc iodide was probably f i r s t prepared i n 1849 by Frankland 
and subsequently there has been considerable speculation and controversy 
over the nature of alkylzinc halides. Indeed this study i s part of a 
more general interest i n compounds of the type RMX where M i s an element 
of Group I I and X i s Cl, Br, or I . At one time i t was claimed (Dessy, 
1960) that except for Mercury, the Group I I organometal halides exist 
as R.2M,MX2 complexes rather than as RMX. Since then, convincing 
evidence for monomeric solvated alkylmagnesium halides has been obtained 
by molecular weight studies (Ashby and Smith, 1964),and crystallographic 
investigations of EtMgBr.(OEt2)2 (Guggenberger and Rundle, 1964) and of 
PhMgBr.(OEt2)2 (Rundle and Stucky, 1964). 
There i s now evidence for the existence of solvated monomeric a l k y l -
zinc halides also (Dessy and Coe, 1963), and, since this present 
structure analysis began, the tetrameric unsolvated ethylzinc chloride 
and bromide have been prepared (Boersma and Noltes, 1966). These l a t t e r 
two compounds are believed to have structures similar to that of 
(MeZnOMe)^, (Shearer and Spencer, 1966). S i g n i f i c a n t l y , Boersma and 
Noltes found differences i n the properties of ethylzinc chloride and 
bromide on the one hand, and ethylzinc iodide on the other. For example 
attempts to dissolve ethylzinc iodide i n hydrocarbons resulted i n 
decomposition to Zn^ and Et2Zn, 
2EtZnI •> Et-Zn + Z n l 0 
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and hence molecular weight measurements were not possible. 
There were no crystallographic data about any of the unsolvated 
Group I I organometal halides except those of Mercury u n t i l the work 
described i n this chapter. 
3.2 Preparation 
Of four methods of preparation of RZnl reported i n the l i t e r a t u r e : 
Ethylzinc iodide Jander, Fischer and Winkler, 1958 
Phenylzinc iodide H i l p e r t and Gruttner, 1913 
Isopropylzinc iodide Karrer et a l . , 1928 
Ethylzinc iodide Ridley, 1965 
that due to Jander, Fischer and Winkler was found to be the most 
convenient for obtaining crystals: Ethylzinc iodide was prepared by 
ref l u x i n g pure ethyl iodide (38 grams) and zinc dust (16 grams, 1 mol.) 
under an atmosphere of dry, oxygen-free nitrogen at 85-90°C, for two 
hours, and f i l t e r i n g the resultant solution, while hot, from excess zinc. 
A clear solution was obtained which, on cooling, yielded colourless 
crystals i n the form of t h i n plates. The compound may well interact with 
ethyl iodide i n solution but no more satisfactory alternative solvent was 
discovered. Analysis of the crystals was i n good agreement with the 
empirical formula of the unsolvated species [Found: Zn.30'7; hydrolysable 
e t h y l , 12'67„. C ^ Z n l requires Zn,29'5; hydrolysable ethyl 13 '\%. 
Melting point measured: 95°C (decomp.). Jander et a l . l i t e r a t u r e value: 
shrinks at 95 C, decomposes at 98"C]. 
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Repeated attempts were made to obtain a w e l l formed s i n g l e c r y s t a l 
but the best specimen s t i l l gave r i s e to two separate d i f f r a c t i o n 
p a t t e r n s i n d i c a t i n g that i t c o n s i s t e d of more than one p a r t . I t was 
however found p o s s i b l e to proceed w i t h t h i s , s i n c e the d i f f r a c t i o n 
p a t t e r n of one p o r t i o n of the c r y s t a l had i n t e n s i t i e s much g r e a t e r than 
those of the other. 
The c r y s t a l s a r e very a i r s e n s i t i v e and were s e a l e d i n t o pyrex 
g l a s s c a p i l l a r y tubes under the dry, oxygen-free atmosphere of a glove 
box. 
3.3 C r y s t a l Data 
P r e c e s s i o n and Weissenberg photographs r e v e a l e d an orthorhombic c e l l 
w i t h 
o 
a = 21*17, b = 4'33 and c = 5'38A 
The f o l l o w i n g c o n d i t i o n s governed the r e f l e c t i o n s observed. 
Okl k + 1 = 2n hOl no c o n d i t i o n s 
hkO h = 2n h k l no c o n d i t i o n s 
The space group as deduced from the sy s t e m a t i c absences was thus e i t h e r 
16 
Pnma ( l ^ ) N o - ^ i n the I n t e r n a t i o n a l Tables f o r X-ray C r y s t a l l o g r a p h y 
9 
or Pn2ia ( C 2 y ) (corresponding to No.33, only having the b and c axes 
interchanged) but the subsequent s t r u c t u r e a n a l y s i s l e d to the adoption 
of the former. The d e n s i t y of the c r y s t a l s , examined by f l o t a t i o n , was 
between 3*1 (Me_Hg) and 2*3 (Mel) g.cm , while the c a l c u l a t e d d e n s i t y , 
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2*98 g.cm~J, corresponds to four u n i t s of C2H,-ZnI per u n i t c e l l . 
The c r y s t a l used f o r data c o l l e c t i o n was p l a t e - l i k e having the 
long c r y s t a l a x i s , a, per p e n d i c u l a r to i t s plane. The axes b and c_ 
l a y i n the plane but the s i d e s of the p l a t e were, s u r p r i s i n g l y , 
developed i n the 012 (width ) and 021 ( l e n g t h ) d i r e c t i o n s . The 
corresponding dimensions of the c r o s s - s e c t i o n were 0*42 x 0*05 mm and 
the l i n e a r a b s o r p t i o n c o e f f i c i e n t s , \i, 
o _1 for copper r a d i a t i o n (A. = l*5418A),u = 557*5 cm and for 
cu 
o _ ] _ 
molybdenum r a d i a t i o n (A. = 0*7107A),/i = 112*5 cm . 
mo 
The u n i t c e l l dimensions were determined from p r e c e s s i o n photographs of 
the hkO and Okl nets and the s t a t i s t i c a l standard d e v i a t i o n s of the 
o o measurements were + 0*05A f o r a and + 0*03A for b and c. The 
ins t r u m e n t a l u n c e r t a i n t y however i s probably of the order of 0*2% and 
hence the o v e r a l l u n c e r t a i n t y i n a should probably be i n c r e a s e d to about 
o 
+ 0*06A. 
3.4 Data C o l l e c t i o n 
The i n t e n s i t i e s of the high order r e f l e c t i o n s f e l l o f f r a p i d l y with 
i n c r e a s i n g d and the e q u i - i n c l i n a t i o n Weissenberg technique was 
p r e f e r r e d to the p r e c e s s i o n method i n order to c o l l e c t the maximum 
q u a n t i t y of data and a l s o because of the higher q u a l i t y of the photo-
graphs thus obtained. P a r t i a l three dimensional data were recorded 
u s i n g z i r c o n i u m - f i l t e r e d molybdenum r a d i a t i o n for l a y e r s hOl to h31. 
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Higher nets were of poor q u a l i t y . The m u l t i p l e f i l m packs contained 
sheets of 0*0008" n i c k e l f o i l i n t e r l e a v e d between c o n s e c u t i v e f i l m s . 
The i n t e n s i t i e s were v i s u a l l y estimated by comparison with a 
c a l i b r a t e d s c a l e and c o r r e l a t e d through a s e t of timed exposures of 
d i f f e r e n t n e t s . The f i l m to f i l m i n t e n s i t y r e d u c t i o n f a c t o r was found 
to be 2*82 + 0*02:1 compared with the v a l u e quoted i n the l i t e r a t u r e 
(Abrahams and Sime, 1960) of 2*65:1. Over the range of equi-
i n c l i n a t i o n angle used, the o b l i q u i t y f a c t o r (Rossman, 1956) i s 
n e g l i g i b l e and a s i n g l e v a l u e (2*82) was used f o r a l l four n e t s . 
As p r e v i o u s l y d e s c r i b e d the c r y s t a l used f o r data c o l l e c t i o n gave 
r i s e to two ranges of r e f l e c t i o n s on each f i l m and although i t had 
been p o s s i b l e to s e l e c t one s e l f - c o n s i s t e n t s e t f o r e s t i m a t i o n , i t was 
not p o s s i b l e to c o r r e c t f o r a n i s o t r o p i c absorption e f f e c t s s i n c e i t 
was c l e a r that more than one p i e c e of c r y s t a l was i n t e r s e c t i n g the 
path of the X-ray beam. 
The 335 independent i n t e n s i t i e s were c o r r e c t e d f o r L o r e n t z and 
p o l a r i z a t i o n f a c t o r s and f o r v a r i a t i o n i n spot l e n g t h , u s i n g a 
programme w r i t t e n by Dr. G.W. Adamson. 
3.5 S t r u c t u r e Determination 
( a ) Heavy Atom P o s i t i o n s 
The three dimensional P a t t e r s o n f u n c t i o n was c a l c u l a t e d along 
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u a t i n t e r v a l s of 0*35A 
v a t i n t e r v a l s of 0*22A 
w a t i n t e r v a l s of 0'27A 
( 3 / 6 0 ) 
( b / 2 0 ) 
( C / 2 0 ) 
The r e l e v a n t P a t t e r s o n f u n c t i o n i s 
u v w 
P(u,v,w) = | ^ ^ ^ ( h k l ) | F ( h k l ) | 3 cos2n(hu + kv + lw) 
modified to a l l o w f o r the m u l t i p l i c i t i e s of the r e f l e c t i o n s , w ( h k l ) i s 
( s i. n. ^ \^  
a sharpening f u n c t i o n given the va l u e of exp.2Bl J . For each of the 
two p o s s i b l e space groups the symmetry of the v e c t o r s e t i s Pmmm so that 
the asymmetric u n i t of the P a t t e r s o n f u n c t i o n appears e i g h t times i n the 
u n i t c e l l . The symmetry operations r e s u l t i n a Harker s e c t i o n ( 2 x , i , 
2z ) and two Harker l i n e s (-•§• + 2x, ? and 0, --g" + 2 z ) . 
The p r i n c i p l e peaks i n the P a t t e r s o n f u n c t i o n occurred on s e c t i o n s 
a t v = 0 and v = ^, which are drawn out i n f i g u r e 3.1. The co-ordinates 
of the peaks a re ta b u l a t e d below: 
w( C/20) u ( a / 6 0 ) v ( b / 2 0 ) R e l a t i v e h e i ght 
30 
23 
7 
7 
23 
0 
30 
0 
0 
0 
10 
10 
10 
10 
8 
5 
3 
10 
2 
7 
5 
assignment 
84,5 I - I v e c t o r 
34,0 Zn-I 
34.5 Zn-I 
84,0 i - I 
34,4 I - I 
61.6 Zn-I 
56,8 Zn-I 
54 
CM CM WT7 (0 
( 
0) 0> D) 
CD on 
( 0 ( U 4) 
(0 (0 
0) in in 
0 ro 
CM 
V) CM CM 
C N 
0 0 in 0) I / ) I / ) 
u 
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Th e heavy atoms were thus l o c a t e d a t : 
x /a /b /c 
I o d i n e 0-1955 0-2500 0-0534 
Z i n c 0-3080 0-2500 0-1885 
The i o d i n e and z i n c atoms were found to have very s i m i l a r v a l u e s f o r 
t h e i r y - c o - o r d i n a t e s , indeed i t was not p o s s i b l e to a s s i g n d i f f e r e n t 
v a l u e s to them. F u r t h e r , i f these atoms have the same v a l u e s f o r y-
c o - o r d i n a t e s then the arrangement of z i n c and iodine atoms i s c e n t r o -
symmetric and these atoms w i l l l i e on m i r r o r planes a t y = | and y = 
5. ( T h i s corresponds to the space group Pnma). 
( b ) Carbon Atom P o s i t i o n s . 
I f the i o d i n e , z i n c and carbon atoms a l l l a y on the m i r r o r plane 
a t y = 2p, which seemed q u i t e p o s s i b l e , then the l o c a t i o n of the two 
carbon atoms would be reduced to a 2-dimensional problem and s u f f i c i e n t 
i n formation might be a v a i l a b l e i n the P a t t e r s o n f u n c t i o n through the 
l e v e l a t v = 0 to s o l v e i t . However, an attempt to use the v e c t o r 
convergence method (Robertson and Beevers, 1950) by drawing out the 
v e c t o r convergence d e n s i t y map from the P a t t e r s o n f u n c t i o n a t t h i s 
s e c t i o n , u s i n g the i o d i n e - i o d i n e v e c t o r s , f a i l e d to r e v e a l coherent 
p o s i t i o n s f o r carbon atoms and served only to confirm the p r e v i o u s l y 
determined s i t e s f o r z i n c . 
S t r u c t u r e f a c t o r s were c a l c u l a t e d using the i o d i n e and z i n c co-
o r d i n a t e s given above. Si n c e these two atoms were given the same y-co-
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o r d i n a t e and thus had a centrosyuunetric arrangement, the s t r u c t u r e 
f a c t o r s c a l c u l a t e d a t t h i s stage correspond to the centrosymmetric 
space group Pnma even though t h i s had not y e t been shown to be the 
c o r r e c t one. The r e l i a b i l i t y index R, f o r the s t r u c t u r e f a c t o r s was 
A three dimensional F q s y n t h e s i s was then c a l c u l a t e d phasing on the 
heavy atom p o s i t i o n s , over the range 
Peaks on the i o d i n e and z i n c p o s i t i o n s appeared with magnitudes of 
o_3 o_3 o_3 163 + 5 eA and 77 + 2 eA r e s p e c t i v e l y . A peak of 9*5 eA on the 
same s e c t i o n (y = a ) appeared to be i n a l i k e l y p o s i t i o n f o r the oc-
carbon atom but the p o s i t i o n s and shapes of other peaks on t h i s l e v e l 
o_3 
(8*8 and 8*6 eA ) d i d not encourage confidence and the e l e c t r o n 
d e n s i t y d i d not r e a c h t h i s magnitude any where e l s e i n the map. The 
i o d i n e and z i n c p o s i t i o n s were then improved through two c y c l e s of 
i s o t r o p i c l e a s t squares refinement using the block diagonal approximation, 
R dropping to 19*870. S t r u c t u r e f a c t o r s were c a l c u l a t e d using the new 
parameters and a second e l e c t r o n d e n s i t y map phased on the heavy atoms 
28-4%, 
where R El 
l F o l 
o 
from x = 0 to x = ^ by u n i t s of 0*35A 
i ° from y = 0 to y = 5 by u n i t s of 0'22A 
o 
and from z = 0 to z = 1 by u n i t s of 0*27A 
- 5 7 -
o_3 
prepared. The i o d i n e and z i n c peak h e i g h t s were now 1 1 8 and 5 5 eA 
r e s p e c t i v e l y the s c a l e f a c t o r having changed c o n s i d e r a b l y s i n c e the 
o_3 
p r e v i o u s c a l c u l a t i o n . A peak of 8 * 5 eA was c o i n c i d e n t with the s i t e 
o_3 
s e l e c t e d for the a-carbon on the f i r s t map and a peak of 5 eA appeared 
on the same l e v e l (y = i n an appropriate p l a c e f o r the 6-carbon atom. 
o_3 
There were only three other peaks of over 4 eA and these appeared i n 
p o s i t i o n s r e l a t e d by symmetry to the heavy atom p o s i t i o n s . 
3 . 6 S t r u c t u r e Refinement 
The p o s i t i o n a l and thermal parameters of a l l four atoms were then 
r e f i n e d by f u l l m atrix l e a s t squares methods. A f t e r t h r e e c y c l e s with 
i s o t r o p i c and four c y c l e s with a n i s o t r o p i c temperature parameters the 
r e s i d u a l , R, had improved to l l * 0 4 7 o . 
S i n c e i n the l a s t of these c y c l e s the 3 6 parameter s h i f t s were a l l 
s m a l l the refinement seemed almost complete and s t r u c t u r e f a c t o r s were 
c a l c u l a t e d and used to compute an F Q - F C s y n t h e s i s , as a check 
a g a i n s t any gross e r r o r s i n the s t r u c t u r e . The d i f f e r e n c e map showed no 
peaks as great as 1 * 5 e l e c t r o n s with the exceptions that e l e c t r o n d e n s i t y 
was s t i l l accumulated on the s i t e s of detected atoms: 
o_3 
on the i o d i n e p o s i t i o n 1 2 * 3 eA 
o_ 3 
z i n c 4 * 3 eA 
o_ 3 
carbon 1 0 * 7 eA 
o_ 3 
carbon 2 1 * 5 eA 
I t i s supposed that these f e a t u r e s together with a v a l u e of the thermal 
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v i b r a t i o n a l tensor component, U ^ , f o r one of the carbon atoms which was 
neg a t i v e ( a l b e i t by l e s s than h a l f of the corresponding estimated 
standard d e v i a t i o n ) a r e due to imp e r f e c t i o n s i n the i n t e n s i t y data. 
S t r u c t u r e f a c t o r s were c a l c u l a t e d for 1 3 9 unobserved planes and 
only 7 of these were g r e a t e r than 1 * 5 times the minimum observable v a l u e . 
Two more c y c l e s of refinement on the observed planes saw R converge 
to a va l u e of 1 0 ' 9 4 7 c and the f i n a l l e a s t squares t o t a l s together with 
an a n a l y s i s of the e f f e c t of the weighting scheme a r e shown i n Table 
3a. 
For the l a s t two c y c l e s the s t r u c t u r e f a c t o r s were weighted by the 
f u n c t i o n w, given by 
and Pi = 1 0 , P a = O ' l , P 3 = 0 * 0 0 2 2 2 , P 4 = 0 . 
The f i n a l v a l u e s of the p o s i t i o n a l and thermal parameters and t h e i r 
estimated standard d e v i a t i o n s a r e given i n Table 3b, the parameter s h i f t s 
i n the f i n a l c y c l e a l l being l e s s than one t h i r d of t h e i r corresponding 
e.s.d. The observed and c a l c u l a t e d s t r u c t u r e f a c t o r s a r e l i s t e d i n 
Table 3c. 
I n t h i s c a s e , as with the two s t r u c t u r e s subsequently to be d e s c r i b e d , 
the atomic s c a t t e r i n g curves used were those given i n the I n t e r n a t i o n a l 
T a b l e s f o r X-Ray C r y s t a l l o g r a p h y ( 1 9 6 2 ) Volume I I I . The r e a l p a r t s of the 
V*w = 
sin e a 
2 3 
i + P A I f I + P s I f J + P J F J 
" o * o H o 
2 
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EtZn'I TABLE 3a. 
Least-Squares T o t a l s 
Number of Observed Planes 335 
2|A| 1848*3 • I r j 16901*2 2| F 16637 c •7 R 
2w|A|a 1023 *6 44639*8 2w|F I 3 43777 c 1 •0 R' 
Weighting A n a l y s i s 
.2 
wA averaged i n batches and the number of planes per batch 
s i n (?/A 
lw 1 
0*0-0*2 0*2-0 *4 0*4-0*6 0*6-0*8 TOTALS 
1 o 1 
0-6 0*00/0 0*00/0 0*00/0 0 *00/0 0*00/0 
6-11 0 *00/0 0*00/0 0*00/0 0*00/0 0*00/0 
11-22 0*00/0 2*52/17 2*62/25 9*46/7 3*56/49 
22-45 1*69/3 7*36/28 3*21/85 5*60/25 4*42/141 
45-89 3*42/6 2*55/42 2*29/53 2*79/2 2*47/103 
89-UP 3*02/10 2*14/27 4*22/5 0*00/0 2*60/42 
TOTALS 2*94/19 3*63/114 2*86/168 6*23/34 3 *47/335 
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E t Z n l TABLE 3b 
F i n a l Values of Atomic Co-ordinates and t h e i r Standard D e v i a t i o n s 
Atom /a y/b /c c r ( X / a ) a ( y / b ) o-( Z/c) 
I 0 •19522 0 •25000 0 •04920 0*00012 0•00000 0 '00053 
Zn 0 •31473 0 •25000 0 •18947 0 "00025 0*00000 0*00131 
C ( l ) 0 •40197 0 •25000 0 •07103 0*00162 6*00000 0*01093 
C ( 2 ) 0 •44770 0 •25000 0 •26632 0*00147 0-00000 0*01513 
F i n a l Values of A n i s o t r o p i c Temperature Parameters (A ) and t h e i r 
- 02 4 c-2 3 Standard D e v i a t i o n s (A x 10 f o r iod i n e and z i n c , A x 10 f o r carbon) 
Atom U l x U a a 
I 0*0408(15) 0*0341(28) 
Zn 0*0391(27) 0*0383(49) 
C ( l ) -0*0049(12) 0*2152(79) 
C ( 2 ) 0*0001(14) 0*3284(159) 
U 2U 2U 2U 
33 33 31 I S 
0*0190(13) 0'0000(0) -0*0009(22) 0*0000(0) 
0*0477(36) 0*0000(0) 0*0030(42) 0*0000(0) 
0*0502(29) 0*0000(0) 0*0381(33) 0'0000(0) 
0*0785(51) 0*0000(0) 0*0163(40) 0*0000(0) 
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d i s p e r s i o n c o r r e c t i o n s were a p p l i e d i n the c a s e s of the i o d i n e and z i n c 
atoms. 
3.7 T e s t of the Space Group 
The s t r u c t u r e refinement above was undertaken i n c o r p o r a t i n g a 
c e n t r e of symmetry i n the space group s i n c e the i m p l i c a t i o n s were that 
a m i r r o r plane was present a t y = 1 (and t h e r e f o r e a l s o a t y = A) on 
which the i o d i n e , z i n c and carbon atoms l a y . I n order to t e s t the 
v a l i d i t y of t h i s assumption a separate refinement, p a r a l l e l to that 
d e s c r i b e d , was performed u s i n g the n o n - c e n t r i c space group Pn2 xa. 
T h i s manoeuvre however produced r e s u l t s which were l e s s s a t i s f a c t o r y 
from s e v e r a l a s p e c t s . The carbon atoms p e r s i s t e n t l y jumped from one 
s i d e of the plane a t y = i to the other between s u c c e s s i v e c y c l e s , 
d e s p i t e a p a r t i a l s h i f t f a c t o r of 0*8, and t h e i r thermal v i b r a t i o n a l 
tensor components, U a a , would not r e f i n e . A l s o the r e l i a b i l i t y index, 
R, only improved to 17*87„. T h i s r e l a t i v e f a i l u r e i n d i c a t e d that Prima 
was the c o r r e c t space group and that the former refinement was v a l i d . 
3.8 D e s c r i p t i o n of S t r u c t u r e 
The s t r u c t u r e takes the form of a c o - o r d i n a t i o n polymer, the 
i o d i n e and z i n c l i n k a g e s g i v i n g r i s e to l a y e r s as shown i n f i g u r e 3.2. 
The four u n i t s of C2H,.ZnI which occupy the u n i t c e l l are s i t u a t e d on 
m i r r o r planes a t y = 0'25 and 0*75. Each i o d i n e atom i s a t a d i s t a n c e 
o 
of 2*64A from a z i n c atom l y i n g i n the same m i r r o r plane, the I - Z n - C ( l ) 
62 
/ / ' / 8 
/ 
Zn 
11 / I 
F r a g m e n t of the Ethylzinc Iodide Polymer 
F i g u r e 3.2 
-63-
angle i n the plane (144'4 ) having a v a l u e approximately half-way 
between the t e t r a h e d r a l and the l i n e a r . I n a d d i t i o n , each i o d i n e i s 
o 
2*91A from two other z i n c atoms, which l i e on a d j a c e n t m i r r o r planes 
h a l f a u n i t c e l l length above and below i t r e s p e c t i v e l y . E s t i m a t e s of 
the i o d i n e - z i n c bond length based on the t e t r a h e d r a l atomic r a d i i 
o 
quoted by P a u l i n g (1960) a r e , 2*59A f o r c o v a l e n t bonds, and 2*70A for 
i o n i c bonds. Perhaps the most r e l e v a n t comparison a v a i l a b l e i n the 
l i t e r a t u r e i s t h a t afforded by the c r y s t a l l o g r a p h i c examination of 
o 
z i n c iodide (Oswald, 1960) where the bond length i s 2*62A. Although 
Oswald does not quote e.s.d.'s t h i s value i s probably i n good agreement 
with the s h o r t e r of the two z i n c - i o d i n e bond lengths found i n e t h y l z i n c 
i o d i d e . 
o 
There are no other z i n c atoms at a d i s t a n c e of l e s s than 4A. Thus 
each i o d i n e forms two long and one more normal bond to z i n c and has a 
n e a r l y pyramidal environment. The bond angles at iodine (105°, 105° 
and 96°) are a l l l e s s than the t e t r a h e d r a l so that the s t e r e o c h e m i s t r y 
i s as would be p r e d i c t e d f o r an atom making use of one d i r e c t i o n i n 
space to accommodate a lone p a i r ( G i l l e s p i e and Nyholm, 1957). 
The arrangement a t z i n c departs c o n s i d e r a b l y from the t e t r a h e d r a l 
and the I - Z n - C ( l ) angle (144*4°) might be i n t e r p r e t e d as r e p r e s e n t i n g 
a s i t u a t i o n intermediate between a polymer on the one hand and d i s c r e t e , 
n o n - i n t e r a c t i n g monomers on the other. The s t r u c t u r e may be compared 
w i t h t h a t of m e r c u r y ( l l ) cyanide ( H v o l s e f , 1958) where almost l i n e a r 
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HgfCN)^ molecules are l i n k e d together by long Hg-N bonds. 
o o The Z n - C ( l ) d i s t a n c e of 1 "95A i s l e s s than the sum (2-08A) of the 
Pauling t e t r a h e d r a l c o v a l e n t r a d i i but agrees c l o s e l y with the l e n g t h 
of 1'94A found i n d i m e t h y l z i n c (Rundle, 1964). A shortening of the 
Zn-C bond i n d i m e t h y l z i n c was explained by invoking hyperconjugation 
i n v o l v i n g the empty 4p o r b i t a l s on z i n c . I t i s i n t e r e s t i n g to note 
th a t the change from a f o r m a l l y 2-co-ordinate z i n c atom i n d i m e t h y l z i n c 
through 3 co-ordinate z i n c i n (MeZnNPt^^ (Shearer and Spencer, 1967) 
to 4 co-ordinate z i n c i n (MeZnOMe)^ (Sh e a r e r and Spencer, 1966) and 
(MeZnON:CMe2)^ (Sh e a r e r and Spencer, 1967) has l i t t l e e f f e c t on the 
length of the zinc - c a r b o n bond. The mean v a l u e s of the Zn-C bond 
lengths found f o r these three compounds are: 
(MeZnOMe)^ - 1«948A 
(MeZnNPh 2) 2 - 1 "949A 
(MeZnON:CMe_). - 1'950A 2 4 
o 
The C ( l ) - C ( 2 ) bond length (1*43 + 0'08A) does not d i f f e r s i g n i f i c a n t l y 
o 
from that found i n diamond (1*54A). The thermal v i b r a t i o n tensor 
components, Uaa, of the carbon atoms ( i n the d i r e c t i o n normal to the 
mi r r o r p l a n e s ) a r e ve r y l a r g e however, and some apparent shortening of 
the l e n g t h of the bond would be expected. 
The f i n a l bond lengths and bond angles are shown i n f i g u r e 3.3 and 
are l i s t e d j t o g e t h e r with t h e i r r e s p e c t i v e standard d e v i a t i o n s as 
c a l c u l a t e d from the estimated standard d e v i a t i o n s of the p o s i t i o n a l 
parameters,in Table 3d. 
- 6 5 -
1 4 4 
I A. 
<~2 I I T 
Zn 
97 
2 91 2 91 
1 Zn V Zn / 407 407 
/ 
EtZn l 
Bond L e n g t h s and A n g l e s 
F i g u r e 3 3 
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E t Z n l TABLE 3d 
o 0 3 Bond lengths (A) and t h e i r Standard D e v i a t i o n s (A x 10 ) 
I-Zn 2*640(6) 
I-Zn' 2-911(6) 
Z n - C ( l ) 1*954(38) 
C ( l ) - C ( 2 ) 1-428(80) 
Zn' i s the atom a t £-x, |, ^ + z i n the c e l l ( 0 , 0, -1) 
Bond Angles with t h e i r Standard D e v i a t i o n s 
Angle e.s.d. 
I - Z n - C ( l ) 144-4° 1-7° 
Z n - C ( l ) - C ( 2 ) 113-6° 4-1° 
Zn-I-Zn' 105-0° 0-8° 
Zn'-I-Zn" 96-1° 0-8° 
I - Z n - I ' 96-9° 0-8° 
Zn" i s the atom a t ? - x , f , 5 + z i n the c e l l ( 0 , -1, -1) 
I ' i s the atom a t , j + z i n the c e l l ( 0 , 0, 0 ) 
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The non-bonding i n t e r a t o m i c d i s t a n c e s l e s s than the s h o r t e s t u n i t 
c e l l t r a n s l a t i o n (b = 4*33A) are shown i n Table 3e. 
o 
The s h o r t e s t contact between non bonded carbon atoms i s 3*99A so 
that neighbouring l a y e r s appear to pack e a s i l y together. F i g u r e 3.4 
shows the packing between l a y e r s and the r e l e v a n t non-bonding 
s e p a r a t i o n s , and i s a p r o j e c t i o n along b_. The average v a l u e s of B r i s e 
02 02 from about 2*0-2*5A f o r the i o d i n e and z i n c atoms through 6A f o r 
carbon ( 1 ) to about 8A f o r carbon ( 2 ) - a p r e d i c t a b l e g r a d a t i o n which 
r e p r e s e n t s the g r e a t e r thermal motion of the l i g h t e r l e s s r i g i d l y 
bound atoms. 
The exact v a l u e s of B, however, are viewed with a c e r t a i n amount 
of c i r c u m s p e c t i o n , s i n c e , as Bradley (1935) has pointed out, w h i l e 
a b s o r p t i o n e f f e c t s reduce observed i n t e n s i t i e s much more a t low than at 
high a n g l e s , the r e d u c t i o n of i n t e n s i t i e s due to thermal motions 
depends on 9 i n the opposite sense. A consequence of t h i s i s that u n l e s s 
a c o r r e c t i o n i s made f o r absorption, the r e s u l t i n g s y s t e m a t i c e r r o r s 
w i l l be l a r g e l y taken up i n the temperature f a c t o r s during refinement. 
Thus although the refinement of the p o s i t i o n a l parameters of e t h y l z i n c 
i o d i d e may not have s u f f e r e d g e n e r a l l y as a r e s u l t of the high a b s o r p t i o n 
e x h i b i t e d by t h i s compound, i t i s h i g h l y l i k e l y that the i s o t r o p i c 
temperature f a c t o r s w i l l be somewhat i n e r r o r and f u r t h e r that the U „ ' s 
w i l l have been a f f e c t e d i n the s p e c i f i c d i r e c t i o n s i n which abs o r p t i o n 
i s most marked. 
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E t Z n l TABLE 3e 
Non-bonding I n t e r m o l e c u l a r Contacts l e s s than 4 *33A 
E q u i v a l e n t P o s i t i o n Number 1 x, y, z 
E q u i v a l e n t P o s i t i o n Number 2 i + x , -g--y, ^ - z , 
E q u i v a l e n t P o s i t i o n Number 3 x •g'-y, z, 
E q u i v a l e n t P o s i t i o n Number 4 1 y» 2 ^+z, 
E q u i v a l e n t A-B 
Atom A Atom B P o s i t i o n C e l l Angstroms 
I c ( l ) 4 ( 0 , 0, -1) 3-94 
I C ( 2 ) 4 ( 0 , 0, -1) 4-02 
I Zn 4 ( 0 , 0, 0 ) 4-07 
I C ( l ) 4 ( 0 , 0, 0 ) 4*10 
I I 4 ( 0 , 0, 0 ) 4*16 
c ( i ) C ( 2 ) 3 ( 0 , 0, -1) 4-26 
C ( 2 ) C ( 2 ) 3 ( 0 , 0, 0 ) 3*99 
C ( 2 ) C ( 2 ) 3 ( 0 , 0, -1) 4*22 
69 
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3 • 9 The P o l y m e r i s a t i o n of Unsolvated A l k y l group I I B h a l i d e s 
P o l y m e r i s a t i o n i n a l k y l group I I B h a l i d e s i s a m a n i f e s t a t i o n of the 
tendency of the metal atom to expand i t s covalency by c o - o r d i n a t i o n with 
more e l e c t r o n e g a t i v e atoms. Entropy c o n s i d e r a t i o n s of course favour the 
lowest p o s s i b l e degree of a s s o c i a t i o n but d i s c r e t e monomer u n i t s have 
only been found so f a r i n the compounds of mercury, where lone p a i r 
e f f e c t s undoubtedly p l a y a p e r m i s s i v e r o l e . 
Microwave data i n d i c a t e (Gordy and Sheridan, 1954) that i n the 
vapour, methylmercury c h l o r i d e and bromide are l i n e a r monomeric 
molecules, and X-ray c r y s t a l s t u d i e s (Grdenich, and K i t a i g o r o d s k i i , 
1949) show th a t f o r methylmercury c h l o r i d e a t l e a s t t h i s s i t u a t i o n 
p e r s i s t s i n t o the s o l i d phase. More r e c e n t l y M i l l s and Kennard (1967) 
have found that m e t h y l m e r c u r y ( l l ) cyanide c r y s t a l l i s e s i n the same 
space group as e t h y l z i n c i o d i d e , but i n t h i s case too the C-Hg-C s k e l e t o n 
i s l i n e a r , which would not be the case i f there were any i n t e r a c t i o n 
between the mercury atom and neighbouring pseudo halogen groups. 
There i s l i t t l e data a v a i l a b l e concerning the cadmium compounds 
but the z i n c analogues have been the o b j e c t of some study. F o l l o w i n g 
the general trend up the group, i t would be expected that a s s o c i a t i o n 
would be more pronounced f o r a l k y l z i n c h a l i d e s than f o r compounds of the 
h e a v i e r metals and indeed e t h y l z i n c c h l o r i d e and bromide are reported 
(Boersma and Noltes, 1966) to be t e t r a m e r i c i n benzene s o l u t i o n . A 
cubane l i k e s t r u c t u r e i s proposed f o r these compounds, the main 
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a s s o c i a t i v e i n t e r a c t i o n s t a k i n g place between metal and halogen atoms 
as i n (Me„PtCl),. 
O o 
o 
o o CLin[Pt(CH3)3CL]4 
O O 
The structure of the tetramerio molecules [Pt(CH3)aCl]4 and [Pt(CH8)4] (idealized). 
Some v e r s a t i l i t y of the cubane s t r u c t u r e i s i n d i c a t e d by the range 
of compounds fo r which i t obtains,[(MeZnOMe)^, (Shearer and Spencer, 
1966); (T10Me) 4, (Dahl e t a l . , 1962); ( T i ( O E t ) 4 ) 4 , (Qaughlan and 
Watenpaugh, 1967); e t c . ] and t h i s type of tetramer appears to represent 
the s m a l l e s t reasonable s t r u c t u r a l u n i t that allows the metal atom of 
KMX to be four co-ordinate. There are l i m i t a t i o n s inherent i n t h i s form, 
however, imposed by the e s s e n t i a l presence of a four membered r i n g , 
s i n c e optimum bond angles i n the r i n g w i l l be 90° and a l a r g e discrepancy 
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between the s i z e s of the two atom types would cause s e r i o u s inner core 
r e p u l s i o n s . I n extreme c a s e s these w i l l be p r o h i b i t i v e and Rundle 
(1963) e x p l a i n s the monomeric nature of dim e t h y l z i n c i n these terms. 
The o r i g i n s of the e t h y l z i n c i o d i d e polymer may i n p a r t be rooted 
i n the lower e l e c t r o n e g a t i v i t y of the halogen attached to z i n c but the 
polymer i s a l s o c o n s i s t e n t with an i n a b i l i t y to form a four-membered 
z i n c i o d i n e r i n g . The r e l a t i o n s h i p between the polymer and a 
t h e o r e t i c a l t e t r a m e r i c a l t e r n a t i v e i s i l l u s t r a t e d i n f i g u r e 3.5 where 
i t w i l l be seen that i n a r e p r e s e n t a t i v e fragment of the s t a t u s quo 
only two atoms would need to be c o n s t r a i n e d to make 2 bonds each i n an 
opposite sense i n order to obtain the pseudo cubane s t r u c t u r e . I t 
seems, however to be e n e r g e t i c a l l y favourable for qu a s i monomer u n i t s 
to be l o o s e l y l i n k e d together by long bonds i n a way which reduces the 
entropy of the system but imposes l e s s s t r a i n on the backbone of the 
molecule. 
The establishment of t h i s s t r u c t u r e f o r e t h y l z i n c i o d i d e has l e d 
to an i n t e r e s t i n the d i s s o l v e d s p e c i e s . Molecular weight measurements 
have t h e r e f o r e been c a r r i e d out on s o l u t i o n s of e t h y l z i n c iodide i n 
e t h y l i o d i d e , u s i n g the Signer method of i s o p i e s t i c d i s t i l l a t i o n 
(Steyermark, 1961) and the r e s u l t s obtained were c o n s i s t e n t with 
monomers i n t h i s case. The p r a c t i c a l d e t a i l s of the method are o u t l i n e d 
i n Appendix 1. 
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E t Z n l TABLE 3c 
F i n a l Values of the Observed and C a l c u l a t e d 
S t r u c t u r e F a c t o r s . Some unobserved planes 
( s i g n i f i e d by n e g a t i v e v a l u e s of | fJ ) are 
inclu d e d . 
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Chapter Four 
The C r y s t a l S t r u c t u r e of the D i e t h y l Ether Complex of 
t-Butoxymagnesium Bromide 
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4,1 I n t r o d u c t i o n 
Despite the c o n s i d e r a b l e e f f o r t which has been devoted to the 
study not only of the c o n s t i t u t i o n of Grignard reagents but a l s o of the 
k i n e t i c s of t h e i r r e a c t i o n s with carbonyl compounds (Ashby, 1967), 
there i s l i t t l e information about the nature of the products of these 
r e a c t i o n s that are present before the u s u a l h y d r o l y s i s i s performed. 
F u r t h e r , although proposed r e a c t i o n mechanisms (Kharasch and Reinmuth, 
1954) have i n v o l v e d s p e c i f i c e n t i t i e s such as R2R'C0MgX, " i n t e r m e d i a t e " 
products of t h i s type have only r a r e l y been i s o l a t e d (Nesmeyanov and 
Sazonova, 1941), (Coates and R i d l e y , 1966a). The present s t r u c t u r e 
a n a l y s i s was undertaken to provide information about t h i s phase of 
the r e a c t i o n . 
The e t h e r a t e of tertiarybutoxymagnesium bromide i s obtained when a 
d i e t h y l ether s o l u t i o n of acetone i s slowly added to methyl magnesium 
bromide, a l s o i n e t h e r , a t -78°C and the r e a c t i o n mixture i s allowed to 
warm to room temperature. R e c r y s t a l l i s a t i o n from the ether s o l u t i o n 
y i e l d s the product as c o l o u r l e s s p a r a l l e l e p i p e d a l p l a t e s which s h r i n k 
a t 90°C and s o f t e n a t 200°C. Cry o s c o p i c measurements showed t h a t 
tertiarybutoxymagnesium bromide e t h e r a t e i s dimeric i n benzene s o l u t i o n 
(Bu tOMgBr.OEt 2) 2 (Coates and R i d l e y , 1966), and e b u l l i o s c o p i c 
measurements i n d i c a t e d the same degree of a s s o c i a t i o n i n ether s o l u t i o n 
(Coates et a l . , 1968). C r y s t a l s f o r X-ray examination were s e a l e d i n 
pyrex c a p i l l a r i e s under an atmosphere of dry, oxygen-free n i t r o g e n . 
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4,2 C r y s t a l Data 
Z e r o - l e v e l p r e c e s s i o n photographs, with Mo K Q r a d i a t i o n 
o 
(A-0*7107A) gave the f o l l o w i n g u n i t c e l l dimensions: 
Monoclinic: 
a = 9*68, b = 11*10, c = 15-10A; 
P = 129° 8'; 
U = 1258«5A 3; Z = 2 u n i t s of (Bu'oMgBr.OEt^; 
D c a l c = 1 , 3 2 7 g" 1- 0 1"" 3; M W - o f ( C 4 H g 0 M g B r - O C ^ ^ = 502-92 
Absorption C o e f f i c i e n t f o r Mo K r a d i a t i o n , 
H = 35 cm"1. 
The d e n s i t y of the c r y s t a l s was measured by f l o t a t i o n using a 
_3 
mixture of 2-bromopropane (p = 1*31 gm.cm ) and bromoethane (p = 
-3 -3 1*46 gm.cm ) and the v a l u e obtained was D , = 1 * 3 gm.cm o b s . 
The space group was unambiguously determined by the co n d i t i o n s 
l i m i t i n g the observed r e f l e c t i o n s ; 
OkO: k = 2n, 
hO 1: 1 = 2n, 
as Number 14, P2x / c , ( C 6 ) . 
a h 
o 
The s t a t i s t i c a l standard d e v i a t i o n s i n u n i t c e l l lengths were O'OIA 
i n a, b and c and the u n c e r t a i n t y i n (3 i s of the order of 15'. 
Systematic e r r o r s are probably about 0*2% so that the o v e r a l l u n c e r t a i n t y 
o 
i n the u n i t c e l l lengths i s of the order of 0*02A. 
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4.3 Data C o l l e c t i o n and C o r r e c t i o n 
Three dimensional i n t e n s i t y data were recorded p h o t o g r a p h i c a l l y 
u s i n g the p r e c e s s i o n technique f o r nets hkn, n = 0-5 and h n l , n = 0-4. 
I n t e n s i t i e s were observed to f a l l o f f r a p i d l y a t high v a l u e s of 0. 
The use of the p r e c e s s i o n method meant t h a t absorption e f f e c t s were 
minimal and the c o l l e c t i o n of data up two axes allowed good net to net 
c o r r e l a t i o n . 
The i n t e n s i t i e s were estimated v i s u a l l y using a c a l i b r a t e d s c a l e 
compiled on the p r e c e s s i o n camera, and were c o r r e c t e d f o r Lorentz and 
p o l a r i s a t i o n f a c t o r s . I n view of the camera geometry involved i n the 
p r e c e s s i o n method, a n i s o t r o p i c absorption e r r o r s were expected to be 
sm a l l and no c o r r e c t i o n was made f o r these. 
The i n t e n s i t y data from i n d i v i d u a l n e t s were c o r r e l a t e d on to a 
common s c a l e using a l e a s t - s q u a r e s method (Monahan, S c h i f f e r and 
S c h i f f e r , 1966) and where two v a l u e s of the i n t e n s i t y for a r e f l e c t i o n 
had been estimated, the mean value was adopted. 
The c r y s t a l used f o r data c o l l e c t i o n was a p a r a l l e l e p i p e d a l p l a t e 
having the axes a and b i n the plane of the p l a t e , with the [110\ 
f a c e s w e l l developed. The c r o s s - s e c t i o n of the p l a t e had dimensions 
0*4 mm. x 0*2 mm. 
4.4 The P a t t e r s o n F u n c t i o n 
The observed s t r u c t u r e f a c t o r s were m u l t i p l i e d by a weighting 
f u n c t i o n w where w = exp.( 4 s i n a 0 / A 8 ) . T h i s weighting f u n c t i o n was not 
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permicted to excede a value of 2*718 ( i . e . e 1 ) . T h i s allowed the 
weighting f u n c t i o n to take a constant value for r e f l e c t i o n s with 
s i n 0 / A 2 0*5. The P a t t e r s o n f u n c t i o n was then c a l c u l a t e d using the 
squares of the weighted s t r u c t u r e f a c t o r s as f o u r i e r c o e f f i c i e n t s : 
h k 1 
P K v.w) = ^ ^ ( ^ D ^ h k D l J c c o a Z n h u . 
0 0 - 1 
cos2jtlw-sin2jrhusin2jrlw)cos2jtkv 
The symmetry of the v e c t o r s e t i s Pi/m. The P a t t e r s o n f u n c t i o n was 
o 
c a l c u l a t e d over one q u a r t e r of the u n i t c e l l ; 'u' a t i n t e r v a l s of 0*323A 
to a / 2 , 'v' at i n t e r v a l s of 0'278A to b/2 and 'w' at i n t e r v a l s of 0'302A 
to c. 
The P a t t e r s o n f u n c t i o n i n c l u d e s a Harker s e c t i o n a t ( u , \ y w) which 
c o n t a i n s v e c t o r s between atoms r e l a t e d by the two f o l d screw a x i s , and a 
Harker l i n e a t ( 0 , v, ^ ) c o n t a i n i n g v e c t o r s between atoms r e l a t e d by the 
a x i a l g l i d e plane. A double weight Br-Br v e c t o r i s expected on each 
Harker s e c t i o n , and both the l i n e P(0, v, ^ ) and the s e c t i o n P(u, w) 
contained only one peak l a r g e enough to accommodate a v e c t o r of the 
expected height. The v a l u e s of x, y and z f o r the bromine atom were 
deduced from the p o s i t i o n s of these two peaks and confirmed by the 
d i s c o v e r y of a s i n g l e weight peak a t (2x, 2y, 2z) corresponding to the 
v e c t o r between bromine atoms r e l a t e d by the c e n t r e . 
The next four peaks i n order of magnitude were of h e i g h t s expected 
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f o r double weight Bromine-Magnesium v e c t o r s and one of these was a t a 
d i s t a n c e from the o r i g i n roughly corresponding to a Mg-Br bond l e n g t h 
o 
( ~ 2 * 5 A ) . Hence v a l u e s of x, y and z f o r the magnesium atom were 
deduced which were c o n s i s t e n t with a l l four of these peaks r e p r e s e n t i n g 
Bromine-Magnesium v e c t o r s and the p o s i t i o n s of Magnesium-Magnesium 
v e c t o r s were a l s o s u c c e s s f u l l y p r e d i c t e d . 
The c o - o r d i n a t e s of the bromine and magnesium atoms were obtained 
as: 
/a ' /b /c 
Br 0*2400 0*2700 0*0480 
Mg 0*0123 0*1325 -0*0040 
At t h i s stage i t was a l r e a d y apparent t h a t the magnesium atoms were 
s i t u a t e d i n p a i r s round c e n t r e s of symmetry c l o s e enough to be p a r t of 
four membered r i n g s and th a t the bromine atoms would be terminal r a t h e r 
than b r i d g i n g . 
4.5 L i g h t Atom P o s i t i o n s 
S t r u c t u r e f a c t o r s were c a l c u l a t e d on the b a s i s of the p o s i t i o n s of 
the bromine and magnesium atoms (R = 0*323) and were used to c a l c u l a t e 
an F s y n t h e s i s . The f u n c t i o n was evaluated f o r x a t i n t e r v a l s of o J 
0*323A to a, y a t i n t e r v a l s of 0*278A to b/2 and z a t i n t e r v a l s of 
0*302A to C / 2 . 
The two oxygen atoms i n the assymmetric u n i t were l o c a t e d 
immediately and the peak h e i g h t s corresponding to the four h e a v i e s t atoms, 
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which were the l a r g e s t f e a t u r e s on the map, were as f o l l o w s : bromine 
o_3 
36, magnesium 14, 0 ( 1 ) 5*4 and 0 ( 2 ) 6*9 eA , r e s p e c t i v e l y . Eighteen 
o_3 
other peaks of 2 eA or g r e a t e r were found, and of these, four were 
grouped as would be expected f o r a t - b u t y l group attached to 0 ( 1 ) . 
The c o - o r d i n a t e s of these e i g h t atoms were then improved through 
one c y c l e of refinement, u s i n g a r b i t r a r y i n i t i a l v a l u e s f o r the 
i s o t r o p i c temperature parameters, and 'R' improved to 0*226. S t r u c t u r e 
f a c t o r s were c a l c u l a t e d u s i n g the improved atomic parameters and an 
F q-F c s y n t h e s i s computed. The d i f f e r e n c e s y n t h e s i s showed regions of 
p o s i t i v e e l e c t r o n d e n s i t y on the s i t e s of p r e v i o u s l y detected atoms. 
Aside from these, the l a r g e s t f e a t u r e s were four peaks ( o f h e i g h t s 
o_3 
1*6, 1*7, 1*3 and 1*6 eA r e s p e c t i v e l y ) which were i d e n t i f i e d as 
a r i s i n g from the ether carbon atoms. 
4.6 Refinement 
The s t r u c t u r e was r e f i n e d by the method of l e a s t squares u s i n g the 
block diagonal approximation. For two c y c l e s , i s o t r o p i c temperature 
f a c t o r s were used, R improving to 0*165. There followed three c y c l e s 
w i t h a l l of the atoms having a n i s o t r o p i c temperature f a c t o r s and R 
became 0*102. F i n a l l y an improved weighting scheme was adopted to b r i n g 
the v a l u e s of wA 2 as n e a r l y as p o s s i b l e uniform for a l l the averaged 
batches of F q and three more c y c l e s of a n i s o t r o p i c refinement saw R 
converge to 0*0986. 
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The parameter s h i f t s i n the f i n a l c y c l e were a i l l e s s than one 
t h i r d of the corresponding estimated standard d e v i a t i o n ( e . s . d . ) . The 
f i n a l v a l u e s of the p o s i t i o n a l and thermal parameters together with 
t h e i r e.s.d.'s a re given i n Tables 4a and 4b. 
S t r u c t u r e f a c t o r s were c a l c u l a t e d based on the f i n a l atomic 
parameters and used to compute a f i n a l F 0 - F s y n t h e s i s as a check 
a g a i n s t any f e a t u r e of the s t r u c t u r e being overlooked. Small p o s i t i v e 
peaks were again observed on the atomic s i t e s ranging i n i n t e n s i t y from 
o_3 o_3 3*5 eA on the s i t e of the bromine atom to about 0*5 eA on the s i t e s 
of the carbon atoms. These were the l a r g e s t f e a t u r e s and i n only a few 
o_3 
other regions d i d the background reach a height of 0*4 eA 
During the f i n a l c y c l e s of refinement the s t r u c t u r e f a c t o r s were 
weighted by the same f u n c t i o n that was used i n the refinement of 
e t h y l z i n c i o d i d e . I n the present case the f o l l o w i n g parameters were 
used: 
P x = 15 P„ = 0*1667 P a = 0'0037 P 4 = 0 
The f i n a l l e a s t squares t o t a l s together with an a n a l y s i s of the 
e f f e c t of the weighting scheme are shown i n Table 4c. 
The observed and c a l c u l a t e d s t r u c t u r e f a c t o r s a r e given i n Table 4d. 
During the refinement unobserved planes were given zero weighting and 
when s t r u c t u r e f a c t o r s were c a l c u l a t e d f o r 481 of these, only three had 
va l u e s of 1*7 times g r e a t e r than the minimum observable v a l u e F ^ n -
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( 5 u t 0 M g B r . 0 E t o ) o TABLE 4 a 
F i n a l v a l u e s of Atomic Co-ordinates and t h e i r Standard D e v i a t i o n s 
Atom /a y/b /c c j ( X / a ) c r ( y / b ) c r ( Z / c ) 
Br 0 •24564 0 •26974 0 •05261 0*00031 0 '00025 0*00022 
Mg 0 •01282 0 •12794 0 •00004 0-00083 0*00060 0 *00058 
0 ( 1 ) 0 •05611 0 •00298 0 •10192 0*00170 0*00113 0*00115 
0 ( 2 ) -0 •20346 0 •22558 -0 •05597 0*00167 0 *00144 0*00124 
C ( l ) 0 •11801 0 •00904 0 •21775 0-00272 0*00185 0 *00164 
C ( 2 ) 0 •31065 -0 •03279 0 •29753 0*00526 0*00410 0'00251 
G(3) 0 •10954 0 •14373 0 •23676 0*00761 0*00326 0*00397 
C ( 4 ) -0 •01709 -0 •05957 0 •22177 0*00735 0*00581 0*00334 
C ( 5 ) -0 •26127 0 •39509 -0 •17196 0*00472 0*00270 0 *00342 
C ( 6 ) -0 •21459 0 •35612 -0 •06147 0*00388 0*00237 0'00285 
C ( 7 ) -0 •37194 0 •16365 -0 •10316 0*00370 0*00343 0'00311 
C ( 8 ) -0 •42634 0 •17292 -0 •03146 0*00567 0'00546 0*00427 
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( B u t 0 M g B r . 0 E t o ) o TABLE 4c 
LEAST-SQUARES TOTALS 
Number of observed planes 672 
Z|A| 2153-1 Z|F 1 
o 
21845-8 21294-8 R 0-0986 
784*8 ZwlF 1 o 
3 47566-0 
WEIGHTING 
ZwlF 13 1 c l 
ANALYSIS 
46722-2 R 0-0165 
wA3 averaged i n batches and the number o f planes per batch 
sin0/A 
IT? 1 
0-0-0-2 0-2-0-4 0-4-0-6 0-6-0-8 TOTALS 
1 o 1 
0-7 0 -00/0 0-00/0 0-00/0 0-00/0 o-oo/o 
7-14 0-47/3 1-40/38 2-26/26 o-oo/o 1-69/67 
14-28 1-31/9 0-80/117 1-19/199 1-25/1 1-06/326 
28-55 0-96/16 1-07/143 1-10/42 0-00/0 1-07/201 
55-111 0-95/22 1-64/48 0-00/0 0-00/0 1-42/70 
111-UP 0-26/5 3-84/3 0-00/0 0-00/0 1-60/8 
TOTALS 0-92/55 1-12/349 1-28/267 1-26/1 1-17/672 
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4.7 D e s c r i p t i o n and D i s c u s s i o n of S t r u c t u r e 
The molecular arrangement i s shown i n F i g u r e 4.1. The compound i s 
dimeric by v i r t u e of a four-membered Mg-0 r i n g which a l l o w s the 
magnesium atom to become four co-ordinate and the butoxy oxygen atom to 
become three co-ordinate. 
Two f e a t u r e s of the s t r u c t u r e i n v i t e p a r t i c u l a r s c r u t i n y . F i r s t , 
i t i s e s t a b l i s h e d t h a t although three c o - o r d i n a t e , a l l the oxygen 
atoms are coplanar with t h e i r three attached atoms w i t h i n the l i m i t s of 
experimental e r r o r . The r i n g oxygen atoms, the magnesiums and the 
t e r t i a r y carbon atoms of the t - b u t y l groups a l l d e v i a t e by l e s s than 
o 
O'OIA from t h e i r mean plane and the s i t u a t i o n with r e s p e c t to the oxygen 
and a-carbon atoms of the ether molecule and to the magnesium i s 
s c a r c e l y l e s s p r e c i s e . D e t a i l s of the mean planes are given i n Table 4e. 
The second f e a t u r e , which may be r e l a t e d to the f i r s t , i s the presence 
o 
of two d i f f e r e n t Mg-0 d i s t a n c e s . While the Mg-0 leng t h (2*01A) i n v o l v i n g 
the ether oxygens compares w e l l with v a l u e s found i n c r y s t a l l i n e 
PhMgBr.2Et 20 (2*01 and 2-06A; - Rundle and Stucky, 1964) and i n 
EtMgBr.2Et 20 (2*03 and 2'06A; - Guggenberger and Rundle, 1964) the Mg-0 
o 
d i s t a n c e s (1*91 and 1*91A) i n the r i n g a re s i g n i f i c a n t l y s h o r t e r . These 
p o i n t s and the g e n e r a l s t e r e o c h e m i s t r y of the molecule are d i s c u s s e d 
f u r t h e r i n s e c t i o n 4.8 but i t may be mentioned here t h a t although 
magnesium 3d o r b i t a l s are normally regarded as r e l a t i v e l y d i f f u s e and 
of high energy, some a p p r e c i a b l e drt-prt i n t e r a c t i o n as suggested i n 
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(Bu COMgBr.OEt: 2) 2 TABLE 4e 
Summary of mean planes through the oxygen atoms and 
the atoms bonded to oxygen 
Atoms i n Orthogonal Co-ordinates D i s t a n c e of Atom 
Plane 1 . 9 from plane 
i n A 5 
i n A 
x 1 y z' 
C ( l ) 0*8861 0*1003 2*5671 -0*0035 
0 ( 1 ) 0*4213 0*0331 1*1962 0*0074 
Mg 0*0963 1*4201 -0*0777 0*0001 
Equation of Plane 1: 0*9427 x' - 0*0816 y - 0*3236 z' = 0 
Atoms i n Orthogonal Co-ordinates D i s t a n c e of Atom 
Plane 2 . ? from plane 
i n A p 
i n A 
x 1 y z' 
C ( 7 ) -2*7928 1*8165 0*7146 0*0082 
0 ( 2 ) -1*5277 2*5039 0*3978 -0*0239 
C ( 6 ) -1*6113 3*9529 0*3828 0*0089 
Mg 0*0963 1*4201 -0*0777 0*0067 
Equation of Plane 2:-0*2653 x' - 0*0027 y - 0*9642 z 1 = 0.0389 
D i h e d r a l angle between plane 1 and plane 2 = 86*4° 
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connection with the (Bu^gOPr" 1")^ t r i m e r (Bryce-Smith and Graham, 1966), 
would be f a c i l i a t e d by the presence of e l e c t r o n e g a t i v e atoms bonded to 
magnesium and may p o s s i b l y c o n t r i b u t e to the bond shortening i n the 
Mg 20 2 r i n g . 
The f i n a l v a l u e s for bond lengths and bond angles together with 
t h e i r standard d e v i a t i o n s are given i n Tables 4 f and 4g. Some bond 
lengths a r e a l s o shown on F i g u r e 4.2. 
o 
The Br-Mg bond length (2'44A) i s seen to be i n good agreement with 
o 
the v a l u e (2*44A) found i n PhMgBr.2Et20. The bond angles a t magnesium 
however a r e c o n s i d e r a b l y removed from the normal t e t r a h e d r a l v a l u e and 
probably a t l e a s t three f a c t o r s make c o n t r i b u t i o n s a f f e c t i n g t h i s 
s i t u a t i o n . P a r t i c i p a t i o n i n the four-membered r i n g of course r e q u i r e s 
that the angle i n the r i n g (83*3°) be much l e s s than the ot h e r s . A l s o , 
the d i s c r e p a n c y i n s i z e between the atoms bonded to the metal i s 
probably r e s p o n s i b l e f o r the remaining two O-Mg-0 angles (0(1)-Mg-0(2) = 
112°, 0(1')-Mg-0(2) = 109°) being l e s s than the mean va l u e of the 
0-Mg-Br angles (117°). Of the three 0-Mg-Br angle s , that i n v o l v i n g 
0 ( 2 ) (107°) i s by f a r the s m a l l e s t , due, a t l e a s t i n p a r t , to the f a c t 
t h a t the Mg-0(2) bond i s 5% longer than the other two Mg-0 bond l e n g t h s . 
I n the ^2^2 r * n § t* l e a n g l e a t oxygen (96*7°) i s l a r g e r than that 
a t Magnesium, the shape of the r i n g being c o n s i s t e n t with both the 
s t a t e of h y b r i d i s a t i o n of the c o n s t i t u e n t atoms and with t h e i r r e l a t i v e 
s i z e s . 
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(Bu f cQMgBr.OE)o TABLE 4 f 
Bond le n g t h s (A) and t h e i r Standard D e v i a t i o n s (A x 10 ) 
Br - Mg 2*435 ( 7 ) 
Mg - 0 ( 1 ) 1*911(15) 
Mg - 0 ( 1 ' ) 1*905(15) 
Mg - 0 ( 2 ) 2*010(15) 
0 ( 1 ) - C ( l ) 1*449(25) 
0 ( 2 ) - C ( 6 ) 1*452(31) 
0 ( 2 ) - C ( 7 ) 1-474(34) 
C ( l ) - C ( 2 ) 1*519(45) 
C ( l ) - C ( 3 ) 1*534(42) 
C ( l ) - C ( 4 ) 1*547(56) 
C ( 5 ) - C ( 6 ) 1*491(56) 
C ( 7 ) _ C ( 8 ) 1*476(63) 
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(Bu tOMgBr.OEt 2) 2 TABLE 4g 
Bond Angles with t h e i r Standard D e v i a t i o n s 
Angle e.s.d. 
0 ( 1 ) - Mg - 0 ( 2 ) 111-8° 0-7° 
0 ( 1 ) - Mg - Br 121-3 0-5 
0 ( 2 ) - Mg - Br 107-0 0-5 
0 ( 1 ' ) - Mg - Br 122-5 0-5 
0 ( 1 ' ) - Mg - 0 ( 2 ) 109-3 0-7 
0 ( 1 " ) - Mg - 0 ( 1 ) 83-3 0-7 
Mg - 0 ( 1 ) - Mg' 96-7 0-6 
Mg - 0 ( 1 ) - C ( l ) 130-7 1-2 
Mg' - 0 ( 1 ) - c ( l ) 132-7 1-2 
Mg - 0 ( 2 ) - C ( 6 ) 125-6 1-5 
Mg - 0 ( 2 ) - C ( 7 ) 119-5 1-7 
C ( 6 ) - 0 ( 2 ) - C ( 7 ) 114-7 2-0 
0 ( 1 ) - C ( l ) - C ( 2 ) 108-0 2-0 
0 ( 1 ) - C ( l ) - C ( 3 ) 103-9 2-3 
0 ( 1 ) - C ( l ) - C ( 4 ) 108-0 2-1 
C ( 2 ) - C ( l ) - C ( 3 ) 109-5 3 -0 
C ( 2 ) - C ( l ) - C ( 4 ) 117-6 3-0 
C ( 3 ) - C ( l ) - C ( 4 ) 109-0 3-2 
0 ( 2 ) - C ( 6 ) - C ( 5 ) 108-2 2-6 
0 ( 2 ) - C ( 7 ) - C ( 8 ) 114-3 3-1 
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The C-0 bond lengths do not d i f f e r s i g n i f i c a n t l y from one another 
o 
and t h e i r mean (1*46A) i s not s i g n i f i c a n t l y longer than the v a l u e 
o 
(1-43 + 0-03A) found i n dimethyl ether (Kimura and Kubo, 1959). The 
o 
mean C-C bond length of the t - b u t y l group i s 1*53A and t h a t of the 
o 
ether molecule i s 1'48A. T h e i r d i f f e r e n c e i s not s i g n i f i c a n t and none 
of the C-C bonds d i f f e r s i g n i f i c a n t l y from the bond length found i n 
o 
diamond (1'54A). 
Three of the bond angles at carbon atoms are c o n s i d e r a b l y removed 
from the t e t r a h e d r a l value. The l a r g e v a l u e for C ( 2 ) - C ( l ) - C ( 4 ) (118°) 
and the small v a l u e for 0 ( 1 ) - C ( 1 ) - C ( 3 ) (104°) r e p r e s e n t a d i s t o r t i o n 
of the t e r t i a r y b u t y l group away from the ether molecule on the other 
h a l f of the dimer. I t would seem most l i k e l y that these i r r e g u l a r i t i e s 
o r i g i n a t e i n i n t r a m o l e c u l a r s t e r i c i n t e r f e r e n c e , p a r t i c u l a r l y i n view of 
the f a c t t h a t the s h o r t e s t non-bonding carbon-carbon c o n t a c t between 
o 
p e r i p h e r a l groups (3*64A) i n v o l v e s C ( 2 ) and C ( 7 ' ) where C ( 7 ' ) i s the 
atom r e l a t e d to C ( 7 ) by the c e n t r e of symmetry. F u r t h e r evidence i n 
accord with t h i s theory i s the s l i g h t enlargement of the angle 
0 ( 2 ) - C ( 7 ) - C ( 8 ) (114°) which a l s o r e p r e s e n t s a movement to r e l i e v e the 
s h o r t contact between C ( 2 ) and C ( 7 ' ) . 
Table 4h shows the non-bonding i n t r a m o l e c u l a r c o n t a c t s of l e s s 
o 
than 4A. Aside from the s h o r t c o n t a c t s between p a i r s of atoms belonging 
to the same ether molecule or t - b u t y l group there are eleven c o n t a c t s 
o 
between p e r i p h e r a l non-bonding atoms of from 3*5 to 4'OA. These c o n t a c t s 
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(Bu 'OMgBr.OEt 2) 2 TABLE 4h 
I n t r a m o l e c u l a r non-bonding c o n t a c t s l e s s than 4A 
E q u i v a l e n t P o s i t i o n 1 
E q u i v a l e n t P o s i t i o n 2 -x, 
y, 
•y, •z: 
Atom B 
Br 
Br 
Br 
Br 
Br 
Mg 
0 ( 1 ) 
0 ( 1 ) 
0 ( 2 ) 
0 ( 2 ) 
0 ( 2 ) 
C ( 2 ) 
C ( 5 ) 
C ( 6 ) 
0 ( 1 ) 
Atom B 
0(2 
C(6 
0(1 
0(1 
C(4 
Mg 
C(7 
C(7 
C(3 
C(2 
C ( l 
C(7 
C(7 
C(8 
0(1 
E q u i v a l e n t 
P o s i t i o n 
1 
1 
1 
2 
2 
2 
2 
1 
1 
2 
2 
2 
1 
1 
2 
A-B Angstroms 
3 -582 
3 -748 
3-796 
3-813 
3-992 
2- 851 
3- 563 
3-707 
3-555 
3-766 
3-998 
3-643 
3 -199 
3 -117 
2-537 
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occur a l l round the dimeric u n i t and the general impression which they 
a f f o r d i s of a molecule whose c o n s t i t u e n t groups pack w e l l together. 
The magnesium-magnesium contact a c r o s s the f ^ C ^ r i n g (2*85A) i s only 
o 
s l i g h t l y g r e a t e r than the sum (2*80A) of the t e t r a h e d r a l c o v a l e n t 
r a d i i f o r two magnesium atoms ( P a u l i n g , 1960). 
F i g u r e 4.3 shows the packing of the dimeric u n i t s together i n the 
u n i t c e l l i n the p r o j e c t i o n along b. 
o 
The only non-bonding i n t e r m o l e c u l a r c o n t a c t l e s s than 4A i s between 
C ( 3 ) a t x, y, z and C ( 4 ) a t -x, ^ + y, 7- z i n the same u n i t c e l l . 
o 
These atoms a r e 3*570A a p a r t , and although t h i s c o ntact i s not 
considered to be unduly s h o r t , i t w i l l be recognised that C ( 4 ) i s a l s o 
one of the atoms in v o l v e d i n the most d i s t o r t e d angle found i n the 
t - b u t y l group. F u r t h e r , a movement of C ( 4 ) to reduce the i n t e r m o l e c u l a r 
c o n t a c t to C ( 3 ) would be such as to i n c r e a s e the d i s t o r t i o n of angle 
C ( 2 ) - C ( l ) - C ( 4 ) and i s thus discouraged. 
The mean v a l u e s of B f o r the v a r i o u s atom types are Br 5, Mg 3, 
02 
0 4 and C 9 A . As would be expected the more t i g h t l y bound magnesium 
and oxygen atoms are v i b r a t i n g l e s s than the atoms s i t u a t e d f u r t h e r 
from the molecular c e n t r e . 
-95-
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4.8 Stereochemistry of Compounds (Bu OMBr.OEt,,)p (where M i s Mg or Be) 
Although the X-ray i n v e s t i g a t i o n of the c r y s t a l s t r u c t u r e of the 
d i e t h y l ether complex of t-butoxymagnesium bromide was i n i t i a l l y 
undertaken to provide information about the r e a c t i o n of Grignard 
reagents with ketones, the emergence of the p r e v i o u s l y unpredicted 
s t r u c t u r a l f e a t u r e s mentioned e a r l i e r provokes f u r t h e r i n t e r e s t i n the 
s t e r e o c h e m i s t r y of the molecule. The preference f o r t r i g o n a l geometry 
a t the oxygen atoms over a pyramidal a l t e r n a t i v e which would provide 
one d i r e c t i o n i n space f r e e to accommodate a lone p a i r of e l e c t r o n s 
not used i n bonding appears to c o n t r a s t with the g e n e r a l p r e d i c t i o n s 
( G i l l e s p i e and Nyholm, 1957) that have been made about atoms i n t h i s 
s o r t of environment. The c r y s t a l s t r u c t u r e s of Grignard reagents 
provide examples of both t r i g o n a l l y (EtMgBr(OEt2)2J Guggenberger and 
Rundle, 1964) and t e t r a h e d r a l l y co-ordinated (PhMgBr(OEt 2) 2; Rundle 
and Stucky, 1964) ether oxygen atoms, and Rundle p o i n t s out that the 
t r i g o n a l c o n f i g u r a t i o n i s more c h a r a c t e r i s t i c of e x p e c t a t i o n s f o r i o n i c 
than f o r covalent bonding. However, i n the case of the r i n g oxygens 
i n (Bu t0MgBr.0Et2) 2 the very s h o r t Mg-0 bond lengths ( i n c r y s t a l l i n e 
o 
magnesium oxide Mg-0 = 2*1A; Brock, 1927) are c o n s i s t e n t with a bond 
order of g r e a t e r than one and a s y n e r g i c bonding system as mentioned 
e a r l i e r could be envisaged which would a l s o r e q u i r e t r i g o n a l oxygen 
atoms. 
The s i t u a t i o n may be more complicated than t h i s however as appears 
from p r e l i m i n a r y molecular o r b i t a l c a l c u l a t i o n s on the four r i n g atoms 
-9 7-
( C l a r k , 1968). An i n i t i a l i n t e r a c t i o n m a t r i x suggests that there i s an 
i n t e r a c t i o n between the 3 dxy and 3 dxz o r b i t a l s of the magnesium 
atoms a c r o s s the r i n g which i s e n e r g e t i c a l l y more important than aiy 
i n v o l v i n g the 2p z o r b i t a l s of the oxygen. According to P a u l i n g ' s 
proposed equation d e a l i n g with f r a c t i o n a l bonds (1947) the Mg-Mg 
se p a r a t i o n corresponds to a bond order of 0*83. 
The p h y s i c a l meaning of these c a l c u l a t i o n s i s not easy to envisage. 
More t a n g i b l e i s the p o s s i b i l i t y that s t e r i c i n t e r f e r e n c e between 
p e r i p h e r a l groups might a l s o c o n t r i b u t e to the preference f o r the 
s t r u c t u r e a c t u a l l y adopted. The molecule c e r t a i n l y appears to pack 
w e l l together with t r i g o n a l oxygens and an a l t e r n a t i v e c o n f i g u r a t i o n 
could w e l l be l e s s favourable i n terms of non-bonding c o n t a c t s . 
The d i s t o r t i o n of bond angles mentioned p r e v i o u s l y and the l a c k of 
d i s o r d e r i n g of the c o - o r d i n a t i v e l y bound ether molecules 
( c f . Mg^Br 60(OEt 2)^; Rundle and Stucky, 1964a and N a ^ e ^ t ^ H ^ O E t ^ ; 
Adamson and Shearer, 1965) lend weight to the theory that 
c o n s i d e r a t i o n s of s t e r i c i n t e r f e r e n c e do p l a y a p a r t i n d i c t a t i n g the 
shape of the ( B u ^ g B r . O E t 2 ) 2 dimer. 
F e a t u r e s of the proton magnetic resonance spectrum have prompted 
the suggestion (Coates et a l . , 1968) t h a t a geometrical isomer of 
( B u ^ l l g B r . 0 E t 2 ) 2 i s a v a i l a b l e i n s o l u t i o n , but i t i s expected that t h i s 
would i n v o l v e a c i s arrangement of the bromine atoms r a t h e r than 
pyramidal r i n g oxygens. 
I n view of the p o s s i b i l i t y t h a t a combination of f a c t o r s a f f e c t the 
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confcrmation adopted by (Su 0Mg3r.0Et2)2 a n X-ray s t r u c t u r e study has 
been made of the b e r y l l i u m analogue ( B u t O B e B r . ( ^ 2 ^ (Shearer and 
T w i s s , 1968) which i s a l s o dimeric i n the s o l i d phase. Here i t i s 
expected that any p o s s i b i l i t y of metal-oxygen, dit-pit i n t e r a c t i o n would 
be precluded and indeed i t has been e s t a b l i s h e d t h a t the Be-0 bonds i n 
the r i n g a r e not s h o r t e r than the b e r y l l i u m bonds to the ether oxygens. 
Other f e a t u r e s of the s t r u c t u r e of (Bu tOBeBr.OEt2)2 p a r a l l e l those 
found i n the magnesium compound and the c o p l a n a r i t y of the three-co-
o r d i n a t e oxygen atoms i s t r u e to the same degree. 
Thus i t appears that the s t e r i c e f f e c t s alone are important 
enough to impose an unusual e l e c t r o n i c s i t u a t i o n on the oxygen atoms 
and although i t must be r e a l i s e d that these e f f e c t s w i l l be more 
pronounced i n the case of the molecule based on the s m a l l e r c e n t r a l 
r i n g , i t i s q u i t e p o s s i b l e that the molecular shape of both compounds 
a r i s e s from such c o n s i d e r a t i o n s and that any e x t r a bonding i n the 
magnesium compounds occurs as a secondary consequence of the r e l e v a n t 
atoms f i n d i n g themselves with a s u i t a b l e geometry. 
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(Bu tOMgBr.OEt 2) ; : TABLE 4d 
F i n a l Values of Observed and C a l c u l a t e d S t r u c t u r e F a c t o r s 
h k 1 | l ' o | Fc h k 1 | P o | Fc l l k 1 |Fol Ke 
u u gn <>"• -2 G .'ill -10 '1 5 2 '2 - I B 
;.' j u 97 - 9 3 r, 6y -51 5 5 2 ill - 1 5 
3 fj j 25 2'i 0 6 i 19 12 G 5 2 ' 6 17 
'i u o 89 93 6 67 Gi 7 5 2 15 1' 
5 J a 30 33 3 G 39 - 3 5 -8 6 2 i l - I t 
G (1 u 29 -30 5 G i 3'-) BC -6 6 2 as 23 
n •J u '9 2 ' -5 7 -7 20 -1 G 2 11 . 1 0 
-7 0 30 -23 -ii 7 ' 'll 37 -3 6 2 53 53 
- 5 o 5' 5'i -1 7 in :o _ p r, 2 55 CI 
-3 GH - 67 -2 7 i 1". 8 _ - 6 2 3a -27 
- 2 'J J3 29 -- 7 i 16 111 0 6 2 37 -3 l l 
1 0 5'i -59 0 7 i 56 55 - 6 2 21 22 
p 1 o 3' _;>o 2 7 i '3 - 3 2 6 a 2 J a 9 
^ 0 G9 67 ll 7 29 26 J 6 a afi - a 7 4 •J •5 "'V 6 7 -4 - '3 ll 6 2 •5 -•8 5 • u IB -5'i -G f> '8 '6 5 G 2 16 '5 
7 0 2- 23 -5 P •7 •8 -7 7 2 '5 •3 
? 1 0 •G - - » -ll e 23 -•8 -5 7 2 a7 -ai -6 2 0 32 12 -3 8 as -21 -3 7 a 23 23 
-5 2 0 34 -24 - 2 8 aii 23 7 a 37 - 3 5 
. 5 2 0 5 ? - 7 0 e - 31 3'i 0 7 a '2 13 - i 2 0 a'i 29 0 6 '3 -•li i 7 2 21 2-
u 2 0 qll - 9 3 8 50 -iiy 2 7 2 •3 -111 
2 0 lip 44 3 8 '•3 17 1 7 2 •7 '•7 
2 a u -afi '3' 5 8 21 -2- 5 7 a '1 13 
3 2 u 3' 29 _i o i 26 2 5 -5 8 2 21 25 
'i 2 0 c7 -70 _o n i ii'i 12 -4 8 2 I'l 12 5 2 0 2'l -24 i 9 l 23 22 -3 8 2 12 '2 
G 2 0 32 \2 2 n i '5 a6 8 2 12 10 
e 2 0 20 -••/ -ll "3 18 18 0 8 2 39 33 
-7 3 0 27 28 -3 ' 0 27 2 3 3 8 a 2 5 as 
-5 3 u 35 -111 -' 10 2 5 - 2 5 ll 8 2 19 19 
1 3 0 • 10 98 10 i 17 20 -5 9 2 16 18 
2 .3 0 '8 - 1 9 3 10 i 26 - 2 5 -3 9 2 i l - l l 
3 3 0 8* -81 -2 1 19 - 1 6 ii 9 a 15 - 1 3 
5 3 u in in 2 I i i 25 -23 -7 I 3 ai ao 
7 3 u 26 -28 _o 0 2 16 ••5 -6 3 26 25 
-6 ' I u 2-1 - 3 8 -8 0 a ill 15 -5 3 18 21 
u it 0 61 6 I -7 0 2 20 - 2 3 -1 1 3 1o 3e 2 4 0 87 -88 -5 f.l a 98 ' 03 -3 - 3 56 60 
3 It •J 23 - 2 5 -Ii 0 2 88 90 - 2 3 20 -•ii 
/ I It 0 29 27 -3 0 2 1,7 -'ill i 1 3 '5 iG 
5 ll 0 16 -'7 - 2 0 2 Ho -12 2 i 3 12 l l 
G It 0 37 - 3 8 0 0 2 106 '21 -8 2 3 13 •3 
5 0 65 -Gi 0 2 121- 117 -3 2 3 15 15 
5 0 '3 ill 2 0 2 G1 -7' l 2 3 15 17 3 5 0 'ill "3 3 0 a 111! III a 2 3 12 - '3 
5 0 29 - 2 8 Ii 0 2 70 7'i 3 2 3 23 -21 
7 5 0 23 23 G 0 2 22 -as -7 3 3 '7 -'7 0 6 0 '8 - ' 0 -7 2 21 -21 -5 3 3 21 27 
6 0 '5 •5 -G a 29 30 -3 3 3 15 -'10 
2 G 0 65 G2 -5 1 2 59 63 - 2 3 3 13 - '5 
I I G 0 38 -'12 -4 1 2 26 -21 3 3 62 -5' 
G 6 0 '7 •8 -3 2 77 - 8 0 2 3 3 68 -62 
7 a 25 27 2 69 -61 5 3 3 21 -2' 
2 7 I I ill -•ij o ' 2 li- Ho 6 3 3 •7 - '5 
3 7 0 2- -22 3 2 ng 53 -8 'i 3 13 - 1 1 
5 7 u 20 '9 ll 1 2 "5 -13 -6 1 3 19 ' 9 
0 8 u 56 63 5 1 2 2 9 -3 ' -1 1 3 l l - I i 
8 0 28 30 6 1 2 16 '5 -3 1 3 8 - 1 0 
3 8 0 '6 '7 -7 2 a 33 23 - 2 1 3 15 36 
it 8 0 25 27 -6 2 a 27 27 0 1 3 68 -Go 
*• 9 0 I 'l - '5 -5 2 2 37 - 3 5 1 1 3 21 -22 
4 9 0 10 - '3 -li a a 31 -32 a ' I 3 ••7 18 
5 9 0 11 - 1 2 -3 2 2 91 90 3 ll 3 '.li I'l 
.'i i 1 '7 iC - 2 2 a 131 12a 5 1 3 18 - 1 6 
-3 I 1 70 69 0 2 2 172- 152 -7 5 3 iG 17 
-a I 1 !05 93 l ? 2 7 9 70 -5 5 J 23 -ao 
2 i 1 59 53 2 2 a 73 61 -ti 5 3 l l -iG 
4 l 1 n 3 2 a '19 -H8 -3 5 3 28 26 
- 5 2 1 ! 1 7 li 2 a 58 -51 -a 5 3 9 7 
-4 2 1 23 21 6 2 a 27 23 -1 5 3 63 -5'' -3 1 20 19 -8 3 a iG IS u 5 3 52 -17 
- 2 2 1 '19 32 -7 3 2 29 29 3 5 3 35 -3! 
-1 2 1 '12 -33 -6 3 2 23 -21 li 5 3 2 5 -27 
1) 2 1 I I I -ill -5 3 2 27 - 3 2 -8 G 3 13 '.0 
-7 3 •8 - 1 7 -li 3 2 '12 15 -6 G 3 27 - a 9 
-G 3 25 - 2 5 -3 3 2 62 5" -1 G 3 31 31 
. I i 3 - 23 2'l -2 3 2 67 - 5 8 -a 6 3 70 -50 
-3 3 '10 - 3 9 _ i 3 2 78 -55 -l 6 3 33 - 3 0 
- 2 3 53 - 3 9 0 3 2 83 58 0 6 3 37 36 
3 1 57 Ii6 3 2 58 17 6 3 29 32 
U 3 a i • 2 3 2 ' I ' I -10 a 6 3 23 -ai 
2 3 67 - 5 8 3 3 2 3'' - 3 8 3 G 3 27 - 2 P 3 3 24 - 1 8 '1 3 2 27 2 5 ii 6 3 ill 1I1 
5 3 - 2 -•li 5 3 a 23 22 5 6 3 22 21 
6 3 1 22 - 2 0 6 3 a 27 - '9 -5 7 3 1- 1' 
-6 fi '6 20 7 3 2 •o - 17 -6 7 3 30 32 
- 5 ll ill '3 -7 'i a 23 -23 _ : 7 3 35 29 
- 5 ' i 24 - 2 - -G li 2 37 -31 0 7 3 21 22 
-3 i i '8 - 1 9 -5 ii 2 23 23 7 3 11 - 9 
-2 i i 28 19 -C li a 37 l l 0 3 7 3 18 23 -1 ' i 8' 71 -3 li a 65 - 5 3 1 7 3 17 '7 
0 U 1 9 _ i i - 2 ii 2 8 5 - 6 a -6 8 3 ah a? 
li 1 53 -119 . 1 ii 2 30 21 -li 8 3 Hi - 3 8 
2 Ii '3 12 0 ll 2 Ha 35 - 2 6 3 39 39 
3 ' I 38 32 1 ii 2 7a - 6 2 -1 8 3 19 21 
5 i i - 20 -ai 2 '1 2 119 - 9 5 0 8 3 27 -31 
-P 5 24 -an ll ' i 2 17 19 1 8 3 26 -2'l 
-f| 5 1 25 - 2 8 5 4 2 30 -30 2 8 3 ai 26 
-3 <i 1 12 9 G ll 2 31 - 2 8 3 8 3 20 23 
-a 5 1 2 5 27 -8 5 a 13 - 1 2 ll 8 3 l l - 1 2 
-i 5 1 9 3 -7 5 a 26 - 2 2 -3 9 3 28 29 
0 5 1 25 - 2 a -5 5 a 26 27 -a 9 3 20 19 
i 5 1 '7 - 1 8 - 5 5 a 25 - 2 5 -i 9 3 •2 -'3 2 5 1 I ' I 2'l 
15 -3 5 a 18 -51 i 9 3 20 20 
S 5 1 - 2 0 -2 5 2 31 29 2 9 3 13 13 
4 5 1 ll' -110 - 1 5 2 61 6 5 -1 10 3 22 2' 
-6 G 1 2 5 -a 3 0 5 a 63 -in - 2 10 3 23 -21 
- 5 G 1 23 - 2 3 1 5 2 Hi -12 0 10 3 lC 21 
-4 G 1 29 30 2 5 2 li: 1o 1 10 3 l l 16 
-3 G 39 37 3 5 2 29 29 a 10 3 l l -'7 
h k 1 |Fo| F t l l k 1 | F o | He h k 1 |!';.| VK. 
1 0 j ! 6 - ' 6 - 6 6 5 27 -.• 1 ;/ "7 - 8 
- 3 ' 0 -•e - l l 6 5 23 2^ ii 2 • 1 5 
11 } ••8 - 1 7 - 3 G 5 29 - 2 5 -9 ; 
1 11 •5 i l -23 6 5 ' '5 . l l - -1- •6 
2 11 i l l - ' 7 0 6 5 " 5 l l 1 -7 3 SI -?C 
- 0 0 it 21 2 5 2 6 5 29 -27 -G 1 ; - i i -21 
-G u i i 37 3 ? l l 6 5 •G ' 7 - 5 1 f V 37 
- 5 0 it O'l 9< - 6 7 5 "6 •2 - I i n ;»c yj 
-1 '1 _ r 7 "7 - 3 i 35 -42 
- 3 0 ii 81 - 8 6 - ' 7 5 'ia 35 _p 3 ?n -30 
-2 0 ii 2" 9 3 7 5 '7 •6 3 p 17 . 1 0 l i 197 '97 - 6 0 5 ' 5 •8 'J 7 (• •7 20 
0 0 11 72 73 - 5 8 5 i l l - • 7 3 r 33 -30 - 0 11 7 5 - 7 9 - l i 8 5 Pf i -an - 8 il f ?7 -ae 
3 0 11 66 67 - 3 0 5 27 22 - 7 It n 3 - • 9 
1 0 it 29 3 ' -2 e 5 39 39 - li I'- ai -aa 
5 0 it 23 -22 0 8 5 ie - 3 3 a ll ll, 2' •8 
7 0 l i ' 6 •G 2 £ 5 26 a7 1 l : 8 ao - • i i 
- 8 it 2 5 - 2 5 1 8 5 ' 7 - 1 6 - 3 9 • 5 •6 
- 6 1 52 58 - 3 9 5 ao a2 - 2 - 9 23 ao 
- 5 l i 23 27 9 5 ' i i - ' 5 - - - 9 29 a 6 
-1 - Ji 56 - 6 6 .11 •6 5 22 23 0 9 26 32 
- 3 1 21 -ae -2 '0 5 '7 - 2 2 9 •e 23 
-2 - it 76 9 ' 2 '0 5 20 - 1 9 - 5 2 0 23 22 (1 2 5 3 ' -1 5 '7 - • 2 2 9 •2 •0 
0 - l i 53 -51 - 3 5 3' - 2 6 - 8 3 9 24 - 2 0 
1 !] 29 - 2 8 - '0 0 6 16 16 - 5 3 9 27 - 2 6 
a I | 5 ' 19 -2 0 6 22 19 - I i 3 9 36 - 3 5 l ! 1 l | '13 - I f - 6 0 6 39 3 e - 3 3 9 21 -2' 
- 7 2 1] 13 12 - 5 0 6 57 61 0 3 9 16 - • 6 
a l l 53 - 5 8 -it 0 G 11 -4- - 1 0 y ' 0 '? 13 . i i 2 J| •3 11 - 3 0 G 52 - 5 0 - 7 0 ' 0 -4 16 
1 2 l l 76 81 -a 0 6 70 79 - 6 0 ' 0 40 38 
2 2 '1 20 19 . 1 0 6 80 88 - 5 0 10 12 - 1 4 
3 2 l l 55 - 5 6 0 0 G 36 - 3 2 -1 0 10 24 _ 2 7 11 a l l 26 - 2 e 1 0 6 50 - 5 9 - 3 0 10 62 64 
5 2 II 28 22 2 0 6 22 aa - 2 0 10 76 7 5 
- 8 3 1| 21 28 3 0 6 18 55 - 0 10 15 18 
- 6 3 l | 36 - 3 6 -e 1 6 30 -a6 2 0 10 27 30 
- 5 3 1 1 - Yt> - 7 1 6 26 26 -9 1 10 17 - ' 7 
- l i 3 II 67 56 - 6 6 51 59 - 7 1 10 43 4o 
2 3 ll 51 - 5 5 - 5 6 13 - 1 3 - 5 1 10 2 6 - 2 5 
1 3 ll 29 28 .11 1 6 111 - 5 0 - 3 1 10 43 43 
6 3 l l 19 - ' 9 -2 1 6 6G 65 - 2 10 14 7 
- 7 1 21 - 2 8 _: 1 G 23 - 2 2 -1 1 10 34 -31 
- 5 1 ll 38 38 0 1 6 l i l t - 5 0 1 1 10 ' 9 20 
- 3 11 ll 123- 102 1 - G 23 - 8 - 7 a 10 15 - 1 8 
-2 11 100 - 5 9 2 6 36 37 - 6 a ' 0 39 - 3 6 
- 1 11 l l 50 35 3 6 '7 - ' 7 -1 a ' 0 46 39 
0 1 I | 27 - 1 9 1 6 22 -23 - 2 2 -0 28 -31 
1 Ii It " 9 - ' 0 2 - 8 2 6 ' 7 ' 7 - - a 10 '7 20 
2 1 1| 15 -1' - 7 a 6 ' 6 18 e 2 ' 0 4 i 12 
3 I l l 23 2' - 6 2 6 10 - 3 5 2 a ' 0 24 -22 
1 1 1| l l 1 - 5 2 6 66 - 5 9 - 9 3 '0 2 0 ao 
5 li 33 - 3 2 - I 2 6 29 3 ' - 7 3 10 2 8 - 2 3 
G 1 l l 19 -'2 - 3 2 6 18 57 - 6 3 10 '7 ' 5 -e ^ 23 -22 -2 2 G 58 -61 - 5 3 10 16 14 - 6 5 It 8 ? 2 5 2 6 99 - 101 - 3 3 10 26 -28 -1 5 I | 51 
26 
- 1 9 0 2 6 22 23 _ 1 3 10 2 9 28 
- 3 5 -23 1 2 6 5 ' 5a - 8 1 '0 2 9 - 2 8 
-a 5 Jl 53 38 2 2 6 29 - 2 e - 7 1 10 12 -11 
0 5 68 -51 3 2 6 36 - 3 8 -a 1 10 16 22 
2 5 Jl 10 3 ' 5 2 6 27 2 2 0 1 '0 18 - 2 6 
11 5 If 23 -21 3 6 31 2 8 - 5 1 1 1 17 ao 
G 5 l | '? 16 - 6 3 6 28 - 3 3 -1 1 11 2 3 23 
- 7 6 1, 21 2 5 - 5 3 6 17 23 - 3 1 1 1 17 15 
- 5 6 It 21 - 2 3 0 3 6 30 HI -1 1 11 '? 18 
- 3 6 It 32 28 1 3 6 12 - 1 3 - 5 2 11 I S 16 
- 1 G It 50 - l l 2 3 6 31 -31 -2 3 11 ' I - 1 5 0 6 It 1 1 - 1 2 1 3 6 19 18 - 8 3 11 i a - 1 6 
1 6 3a 31 -B 1 6 17 - 1 7 - 5 3 11 I B - 1 8 
3 6 ft 30 -31 - 7 1 6 32 - 3 9 - i i 5 1 1 10 15 
- 6 7 '! 19 - 2 0 5 11 6 21 - 1 7 - 2 4 11 13 - 1 0 
- 5 7 1| 18 -22 -2 1 7 2 5 - 2 2 - 7 0 12 30 32 
.1 7 1 23 21 - 1 7 20 - 1 8 - 6 0 12 37 32 
-2 7 ll 39 -31 1 1 7 15 ' 3 - 3 0 12 4 i 45 
0 7 1 35 31 - 5 2 7 17 ' 8 - 2 0 ia 27 27 
2 7 1 2G -21 - 3 2 7 17 - 2 2 - 0 '2 19 2 0 
Ii 7 If ' 5 ' 7 - 8 3 7 ao - 2 0 - 8 1 12 22 23 
- 5 8 l l 26 26 - 7 3 7 '7 - 1 8 - 7 1 12 24 22 
-1 8 It •% ' 7 - 5 3 7 23 - 2 ' - 6 12 ' 8 - 1 8 
- - 8 1 36 31 0 3 7 37 - 3 3 - 5 1 •2 22 - 1 8 
0 8 i l l •5 1 3 7 33 - 3 " - I i - •2 ' 6 18 
3 a It ' 6 20 - 1 0 0 8 16 •6 - 3 •2 zl 23 
- 5 9 '1 i l l l - 6 0 8 50 53 1 ia 16 . 1 4 
10 l | '•1 - ' 8 - 5 u 8 38 }6 - 7 2 ••2 ' 5 - 1 3 -7 ' 5 ' 7 -1 0 8 66 -61 - 5 2 •2 3 ' 37 
-2 1 10 36 - 3 0 g 16 -'7, -1 2 12 27 23 - ' 1 5 30 32 -2 0 8 85 88 -3 2 'a 20 -2 ' 
1 1 5 22 23 - 1 0 8 18 5a -a 2 'a ' 5 - - -
- 5 2 5 11 •9 0 0 8 35 - 3 3 -1 2 '2 ' 5 16 
-1 2 5 37 17 a 0 8 50 57 -q 3 12 1 1' 
0 2 5 ' 6 2 ? 3 0 8 30 33 - 6 3 •\i 20 ' 8 i a ••2 -•.fi - 9 1 e • 8 - 1 6 - 5 3 '2 '7 -.6 
- 7 3 5 15 - ' 8 - 7 1 8 13 U1 -1 3 •2 17 - 1 5 
1 3 5 10 - l l l l - 6 ' 8 20 2 - - 3 3 '2 17 - ' 5 
2 3 5 23 - 2 3 - 5 1 a I n -10 - 8 4 '2 ' 6 - 1 6 
5 3 5 '? - ' 3 - £ 1 8 21 - 2 5 -1 1 •2 14 - 1 5 
- 7 i i 5 'it 13 - 3 1 8 33 38 _ - li '2 29 - 2 7 
- 5 1 5 10 - 1 3 -2 1 a 31 3 5 0 l i ia 20 -ao 
- i i 1 5 30 -21 -1 8 30 -31 -G 13 ' 9 aa 
0 it 5 38 - 3 3 0 "1 8 15 - 1 7 - 5 1 ' 3 ' 6 17 
2 '1 5 16 21 1 1 8 2\ 26 - 7 0 i 4 31 27 
3 1 5 11 11 3 1 8 i(5 - '9 - 3 0 14 27 28 
1 1 5 15 - 1 3 - 8 2 8 17 ' 9 - 8 1 14 2' 20 
- 7 5 5 15 17 - 6 a 8 la -12 - 6 '4 17 - 1 3 
-G 5 5 21 -22 - 5 2 B 16 - 1 6 -1 1 i l 2' 21 
- 5 5 5 111 - l l l l -I a 8 56 5" - 5 a '4 16 15 -a 5 5 11 - 3 2 -a 2 8 7 ' - 6 9 - 3 2 '4 20 - 1 8 
-: 5 5 65 - 5 ' _ 1 a a a- - 2 0 - 6 3 ••4 a- 2' 
3 5 5 33 -31 0 a 8 17 "5 - 5 4 '4 29 -25 
- 7 6 5 ' 7 - 2 0 1 2 8 27 26 4 '4 22 -'5, 
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5.1 I n t r o d u c t i o n 
When z i n c hydride i s s t i r r e d w ith NNN'trimethylethylenediamine 
(TriMED) i n toluene a t 60°C,for 12 hours, one mole of hydrogen i s 
evolved and a s o l u t i o n i s obtained which, on standing, y i e l d s c o l o u r l e s s 
c r y s t a l s . Analyses of the c r y s t a l s f o r h y d r o l y s a b l e H and for Zn are i n 
accord with the e m p i r i c a l formula Zn^Cj-Hj^ and c r y o s c o p i c molecular 
weight measurements i n d i c a t e that the molecule i s dimeric i n benzene 
s o l u t i o n ( B e l l and Coates, 1968). 
The p r e p a r a t i o n of RMTriMED has been reported f o r M = Be, Mg or Zn 
and where R i s any one of a v a r i e t y of a l k y l groups (Coates and Heslop, 
1968; Coates and Roberts, 1968). Such compounds are f r e q u e n t l y dimeric 
and s t r u c t u r e s have been suggested f o r them, but up to the time when the 
present work began no c r y s t a l s t r u c t u r e data were a v a i l a b l e concerning 
e i t h e r these compounds or the r e l a t e d s p e c i e s HMTriMED, where M = Be, 
Zn. Furthermore no c r y s t a l l i n e compound c o n t a i n i n g a zinc-hydrogen 
bond had p r e v i o u s l y been a v a i l a b l e f o r examination by d i f f r a c t i o n 
techniques. 
C r y s t a l s f o r X-ray examination were s e a l e d i n pyrex c a p i l l a r i e s 
under the dry, oxygen-free, atmosphere of a glove box. 
5.2 C r y s t a l Data 
Zero l e v e l p r e c e s s i o n photographs, with Mo r a d i a t i o n , showed the 
f o l l o w i n g u n i t c e l l dimensions: 
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Monoclinic: broad needles elongated along a. 
a = 6*372, b = 11-316, c = 11 -977 A; 
P = 111° 45' 
U = 802-1A 3; Z = 2 u n i t s of ^ HZnN(Me)C 2H 4NMe 2 
D c a l c = 1 , 3 8 6 gro-c™"3; M.W. of ( Z n N ^ H . ^ ^ = 335-1; 
Absorption c o e f f i c i e n t f o r Cu K r a d i a t i o n u =36-7 cm-'''. 
a 
The d e n s i t y of the c r y s t a l s was measured by f l o t a t i o n u s i n g mixtures 
of perfluorobutylamine (ft = 1-86 gm.cm ) and b e n z o t r i f l u o r i d e (p -
-3 -3 1-17 gm.cm ) . The observed value was 1-39-1-41 gm.cm 
As with (Bu tOMgBr.OEt 2) 2 the space group was unambiguously 
determined from the c o n d i t i o n s l i m i t i n g the observed r e f l e c t i o n s 
Ok 0: k = 2n, 
hO 1: 1 = 2n 
6 
as Number 14, P 2 i / c , (C , ) . 
ah 
The s t a t i s t i c a l standard d e v i a t i o n s on the u n i t c e l l dimensions a r e 
o o 
0-003A on a, 0-005A on b and £, and 5' on 6, but when s y s t e m a t i c e r r o r s 
a r e taken i n t o c o n s i d e r a t i o n the o v e r a l l u n c e r t a i n t i e s a r e probably of 
the order of 0-2%. 
5.3 Data C o l l e c t i o n and C o r r e c t i o n 
Three dimensional i n t e n s i t y data were recorded by the e q u i - i n c l i n a t i o n 
Weissenberg technique using n i c k e l - f i l t e r e d copper r a d i a t i o n f o r n k l type 
I W 1969 
. Me... 
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n e t s n = 0-4, and were found to p e r s i s t w e l l out to high v a l u e s of 6. 
The i n t e n s i t i e s were estimated v i s u a l l y by comparison with a c a l i b r a t e d 
s c a l e and f i l m to f i l m r a t i o s were employed which i n c r e a s e d with equi-
i n c l i n a t i o n angle (Rossmann, 1956). 
I n the case of high order r e f l e c t i o n s which were s p l i t owing to the 
r e s o l u t i o n of the K a x , K a a doublet, the i n t e n s i t y of the r e f l e c t i o n due 
to the Ka x component alone was estimated and was m u l t i p l i e d by an 
e m p i r i c a l c o r r e c t i n g f a c t o r of 1*32. 
C o r r e c t i o n s were made f o r Lo r e n t z and p o l a r i s a t i o n f a c t o r s , and 
for spot length e f f e c t s i n the case of the upper l e v e l s . I n i t i a l l y no 
c o r r e c t i o n was made f o r absorption as the r e q u i s i t e computer programme 
was incomplete. The i n v e s t i g a t i o n was continued without t h i s c o r r e c t i o n 
however i n the a n t i c i p a t i o n t h a t i t would be a p p l i e d l a t e r . 
The i n t e n s i t y data were c o r r e l a t e d onto a common s c a l e by exposing 
s e v e r a l nets on to d i f f e r e n t s e c t i o n s of the same p i e c e of f i l m for an 
equal p e r i o d of time. As a prec a u t i o n a g a i n s t the inadequacies of t h i s 
method however an i n d i v i d u a l s c a l e f a c t o r was used f o r each net during 
the l a t e r stages of the refinement. 
The dimensions of the c r y s t a l used f o r data c o l l e c t i o n were 0*24 
by 0'52 mm ( c r o s s - s e c t i o n ) by 1*5 mm ( l e n g t h ) . The needle a x i s 
corresponded to a but, c u r i o u s l y , the developed planes of the c r o s s -
s e c t i o n appeared to be of f a i r l y high order.. 
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5.4 P a t t e r s o n Funccion 
The observed s t r u c t u r e f a c t o r s were m u l t i p l i e d by the weighting 
( 2 *\ 
f u n c t i o n w where w = exp. Ik-sin 8/\ J. 
The weighting f u n c t i o n was not allowed to exceed a v a l u e of 2*718 
so that r e f l e c t i o n s with sinS/A £ 0*5 were given a constant weight. 
The P a t t e r s o n f u n c t i o n was then c a l c u l a t e d using the squares of the 
weighted s t r u c t u r e f a c t o r s as f o u r i e r c o e f f i c i e n t s : 
h k 1 
P(u,v,w) = ^ ^ ^ w ( h k l ) | F ( h k l ) | J c o s 2 i r k v 
0 0 - 1 
(cos2jthucos2jrlw-sin2jrhusin2jrlw) 
S i n c e the symmetry of the v e c t o r s e t i s P2/m the P a t t e r s o n f u n c t i o n 
was c a l c u l a t e d over one quar t e r of the u n i t c e l l , 'u' a t i n t e r v a l s of 
o a ° b 0*319A to - / 2 , 'v' a t i n t e r v a l s of 0*283A to -/2 and 'w' a t i n t e r v a l s of 
0*299A to c. 
The P a t t e r s o n f u n c t i o n , as d e s c r i b e d f o r (Bu t0MgBr.0Et2)2i i n c l u d e s 
a Harker s e c t i o n a t ( u , w) and a Harker l i n e a t ( 0 , v, ^ ) i n the 
quadrant computed. Accordingly one peak l a r g e enough to correspond to a 
double weight z i n c - z i n c v e c t o r was detected as the l a r g e s t f e a t u r e on 
both the l i n e P(0, v, ^r) and a l s o on the s e c t i o n P(u, ^, w). The z i n c 
p o s i t i o n was deduced from these and confirmed by the l o c a t i o n of a s i n g l e 
weight peak at 2x, 2y, 2z. 
The c o - o r d i n a t e s of the z i n c p o s i t i o n were obtained as 
X / a y/b z / c 
0*0900 0*0990 -0*0334 
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The p o s i t i o n s of t h i s z i n c atom and the one r e l a t e d to i t by the c e n t r e 
of symmetry a t the o r i g i n were seen to be c l o s e enough to be p a r t of the 
same four-membered r i n g . 
No attempt was made to l o c a t e any of the l i g h t e r atoms from the 
P a t t e r s o n f u n c t i o n . 
5.5 L i g h t Atom P o s i t i o n s 
S t r u c t u r e f a c t o r s were c a l c u l a t e d phased on the z i n c atom (R = 
0*366) and were used to compute an F q s y n t h e s i s . The f u n c t i o n was 
o o evaluated f o r x at i n t e r v a l s of 0'319A to a, y a t i n t e r v a l s of 0*283A 
to ^ 2 a n d z a t i n t e r v a l s of 0-299A to -/2. 
The p o s i t i o n s of the n i t r o g e n and carbon atoms were r e v e a l e d by 
the seven peaks on the e l e c t r o n d e n s i t y map which were next i n order of 
magnitude a f t e r the peak corresponding to the z i n c atom. I t was 
p o s s i b l e to decide the i d e n t i t y of each atom i n d i v i d u a l l y by i n s p e c t i o n 
of i t s s t e r e o c h e m i s t r y . The e l e c t r o n d e n s i t y a t the s i t e of the z i n c 
o_3 
atom reached a peak height of 40 eA and the mean peak h e i g h t s f o r the 
o-3 
n i t r o g e n and carbon atoms were 4*2 and 3*4 eA r e s p e c t i v e l y . 
5.6 Refinement 
The s t r u c t u r e was r e f i n e d by the method of l e a s t squares u s i n g the 
f u l l m a t r i x of the normal equations. For the f i r s t three c y c l e s a l l 
the atoms were r e f i n e d with i s o t r o p i c temperature parameters and an 
elementary weighting scheme was used which was designed to g i v e a constant 
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weight co the small p l a n e s . The R f a c t o r stood at 0*169 a t t h i s stage 
and s t r u c t u r e f a c t o r s were prepared and used to compute an F Q - F C 
o_3 
s y n t h e s i s . The d i f f e r e n c e map showed no peaks g r e a t e r than 1*1 eA 
o_3 
other than a t the s i t e s of detected atoms, but a peak of 0*6 eA a t a 
o 
d i s t a n c e of 1*7A from the z i n c atom was i n a s u i t a b l e p o s i t i o n to 
r e p r e s e n t a hydrogen atom. 
The refinement was continued f o r three c y c l e s , without i n c l u s i o n 
of the hydrogen atom, but w i t h the e i g h t atoms given a n i s o t r o p i c 
temperature parameters. The r e l i a b i l i t y index R improved to 0*120 and 
a t t h i s stage a second d i f f e r e n c e map was computed. The g r e a t e s t peak 
he i g h t away from atomic s i t e s had f a l l e n to 0*52 eX" 3 but the hydrogen 
o_3 o atom peak near z i n c p e r s i s t e d at 0*5 eA a l b e i t s h i f t e d 0*2A from i t s 
o 
p r e v i o u s p o s i t i o n to g i v e a Zn-H d i s t a n c e of ~ 1*8A. 
Convergence of the s t r u c t u r e refinement was achieved a f t e r four 
f u r t h e r c y c l e s , r e f i n i n g an i n d i v i d u a l s c a l e f a c t o r f o r each net. The 
weighting scheme used i n the c l o s i n g stages employed the same f u n c t i o n 
as was used i n the refinement of e t h y l z i n c i o d i d e but with the f o l l o w i n g 
parameters: 
P x = 1 5 P a = 0*417 P a = 0*0083 P 4 = 0 
The parameter s h i f t s i n the f i n a l c y c l e were a l l l e s s then 1/8 
of the corresponding estimated standard d e v i a t i o n ( e . s . d . ) . The f i n a l 
v a l u e s of the p o s i t i o n a l and thermal parameters together with t h e i r 
e.s.d.'s are given i n T a b l e s 5a and 5b. 
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(HZnN(Me)C 0H.NMe 0)_ TABLE 5a 2 4 — 2 2 
F i n a l v a l u e s of Atomic Co-ordinates and t h e i r Standard D e v i a t i o n s 
Atom /a y/b /c a ( X / a ) c r ( y / b ) o-C Z / c ) 
Zn 0 •09568 0 •10123 -0 •03511 0*00030 0'00013 0 •00012 
N ( l ) 0 •14524 0 •02152 0 •12736 0-00191 0-00083 0 •00075 
N(2) -0 •05557 0 •24281 0 •03419 0*00214 0-00094 0 •00089 
C ( l ) 0 •06019 0 •09895 0 •20083 0 '00298 0-00111 0 •00094 
C ( 2 ) -0 •12688 0 •17916 0 •12294 0*00330 0*00121 0 •00126 
C ( 3 ) -0 •25275 0 •31157 -0 •05085 0*00335 0*00138 0 •00148 
C ( 4 ) 0 •13915 0 •32331 0 •09249 0'00306 0*00145 0 •00169 
C ( 5 ) 0 •36867 -0 •02308 0 •19953 0*00295 0*00141 0 •00131 
H( a ) 0 •24750 0 •17600 -0 •10750 
H(b) 0 •28000 0 •18000 -0 •09500 
H(a) and H(b) r e p r e s e n t the peaks on the f i r s t and second 
d i f f e r e n c e maps which might be assi g n e d to the hydrogen atom 
att a c h e d to z i n c . 
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The f i n a l l e a s t squares t o t a l s together with an a n a l y s i s of the 
e f f e c t of the weighting scheme are shown i n Table 5c and the observed 
and c a l c u l a t e d s t r u c t u r e f a c t o r s a r e given i n Table 5d. 
Unobserved planes were given zero weight during the refinement 
and when s t r u c t u r e f a c t o r s were c a l c u l a t e d f o r 198 of these, only one 
had a value g r e a t e r than twice the minimum observable v a l u e F ^ • 
5.7 Absorption C o r r e c t i o n 
An absorption c o r r e c t i o n programme based on Busing and Levy's 
method (1957) became a v a i l a b l e a f t e r the above refinement was complete 
and an attempt was made to obtain some improvement i n the r e s u l t s by 
c o r r e c t i n g the observed s t r u c t u r e f a c t o r s . 
The d i r e c t i o n p a r a l l e l to the r o t a t i o n a x i s was d i v i d e d i n t o e i g h t 
i n t e r v a l s and the d i r e c t i o n s contained i n the c r o s s - s e c t i o n were 
d i v i d e d i n t o four and two i n t e r v a l s r e s p e c t i v e l y . 
The c o r r e c t e d s t r u c t u r e f a c t o r s were used to repeat the f i n a l 
s t a g es of the refinement d e s c r i b e d i n §' 5.6. The only m o d i f i c a t i o n made 
was to the parameters used i n the weighting scheme. The new v a l u e s were 
P x = 5, P a = 0*216, P 3 = 0*0024, P^ = 0. 
The block diagonal approximation was employed f o r one c y c l e of 
refinement w h i l e the s c a l e f a c t o r s s h i f t e d a p p r e c i a b l y . T h e r e a f t e r 
the f u l l m atrix was used f o r four f u r t h e r c y c l e s u n t i l the parameters 
s h i f t s were a l l l e s s than one tenth of t h e i r corresponding e.s.d.'s. 
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(HZnNOte)C 2H 4NMe 2) 2 TABLE 5c 
LEAST-SQUARES TOTALS 
Number of observed planes 1000 
r. | A | 1805*87 Z | F j 16534*37 z\?c\ 16190*97 R 0*1092 
- S W | A I 2 437*60 2w|F | 3 22356*42 2W |F |" 21910*83 R1 0*0196 
o c 
WEIGHTING ANALYSIS 
wA2 averaged in batches and the number o f planes per batch 
sin0/A 
11? I 
0*0-0*2 0*2-0 *4 0*4-0*6 0*6-0*8 TOTALS 
l F o l 
0-5 1*24/3 0*46/31 0*22/103 0*3 7/44 0*32/181 
5-9 0*62/6 0*64/62 0*18/196 0*55/34 0*33/298 
9-18 0*76/7 0*61/85 0*31/174 0*86/5 0*43/271 
18-36 0*77/16 0*76/124 0*40/46 0*00/0 0*67/186 
36-72 0*41/13 0*82/44 0*00/0 0*00/0 0*73/57 
72-UP 0*10/6 0*10/1 0*00/0 0*00/0 0*10/7 
TOTALS 0*61/51 0*68/347 0*25/519 0*47/83 0*44/1000 
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Th e new positional parameters and e.s.d.'s together with the 
discrepancies between these and the values obtained using the 
uncorrected data are l i s t e d i n Table 5a*. The maximum discrepancy i n 
o 
any co-ordinate i s O'OlA which i s less than half of the corresponding 
e.s.d., although most were much less than t h i s . The mean discrepancies 
o o i n atomic co-ordinates are O'OOOZA for zinc, 0*002A for nitrogen and 
o 
0*005A for carbon. 
The thermal parameters show a greater d i s p a r i t y , as might be 
expected and these are shown i n Table 5b*. Six of the individual 
discrepancies (A) are greater than the corresponding e.s.d.'s. Only 
02 
i n the case of the zinc atom however i s the mean discrepancy (0*0026A ) 
°2 
greater than the mean value (0'0016A ) of the e.s.d.'s. For the 
02 02 nitrogens the mean discrepancy i s 0*0032A and the mean e.s.d. i s 0*009A 
while for the carbons the mean discrepancy i s 0*004^ and the mean e.s.d. 
02 
i s 0-015A . 
The r e l i a b i l i t y index, R, has converged at a s l i g h t l y higher value 
(0*119) and a l l of the e.s.d.'s for the positional and the thermal 
parameters are larger than those given by the uncorrected data. 
The two sets of positional parameters are the same within the l i m i t s 
of experimental error and the following discussion and the tables of 
bond lengths and angles refer to the results obtained from the 
uncorrected data. 
-111-
(HZnN(Me)C "ri.Me 0) 0 TABLE 5a* 2. 4 — 2 2 
Atomic Co-ordinates and their Standard Deviations derived from data 
corrected for absorption 
A represents the difference i n individual parameters 
and e.s.d.'s from the uncorrected results i n Table 5 
Atom 
Zn 
A 
/a 
0*09564 
-0*00004 
0*10123 
0*00000 
/c 
•0*03513 
-0 *00002 
cr( X/a) a( y/b) 
0*00039 0*00016 
+0 '00009 +0 *00003 
a( Z/c) 
0 '00016 
-K) *00004 
N( l ) 0*14526 0*02134 0'12723 0*00254 0*00101 0*00092 
A +0*00002 -0*00018 -0*00013 +0*00063 +0*00018 +0*00017 
N(2) -0*05662 0*24315 0*03423 0*00276 0'00111 0'00113 
A -0'00105 +0*00034 +0*00004 +0*00062 +0*00017 +0*00024 
C( l ) 0*06105 0*09845 0*20086 0*00384 0*00141 0*00113 
A +0*00086 -0*00050 +0*00003 +0*00086 +0*00030 +0*00019 
C(2) -0*12815 0*17914 0*12247 0*00439 0*00153 0*00157 
A -0*00127 -0*00002 -0*00047 +0*00109 +0*00032 +0*00031 
C(3) -0*25220 0*31203 -0*05016 0*00435 0*00172 0*00188 
A +0*00055 +0*00046 +0*00069 +0*00100 +0*00034 +0*00040 
C(4) 0*13716 0*32329 0*09170 0*00399 0*00182 0'00218 
A -0*00199 -0*00002 -0*00079 +0*00093 +0*00037 +0*00049 
C(5) 0*36715 -0*02323 0*19875 0*00383 0*00168 0*00167 
A -0*00152 -0*00015 -0*00078 +0*00088 +0*00027 +0*00036 
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5.8 Description and Discussion of Structure 
The molecular arrangement of the (HZnN(Me)C2H^NMe2)2 dimer i s 
shown i n figure 5.1. The zinc atoms achieve four-co-ordinate status 
by p a r t i c i p a t i n g i n two co-ordinate bonds each with nitrogen, the one 
involving N ( l ) resulting i n a four-membered r i n g about the centre of 
symmetry and the other involving N(2) giving r i s e to two five-membered 
rings. 
o 
The atoms N ( l ) , C ( l ) and C(5) a l l l i e within O'OIA of a plane 
through the o r i g i n which i s almost at r i g h t angles to the plane of the 
^n2^2 r*"nS* ^ e details °f these planes are given i n Table 5e. 
The f i n a l values of the bond lengths and bond angles together with 
t h e i r standard deviations are given i n Table 5f and Table 5g. Some 
bond lengths are also shown on Figure 5.2. 
The zinc-nitrogen bond lengths i n the four-membered ring (2*06 
o 
and 2*06A) are not s i g n i f i c a n t l y d i f f e r e n t from the bond lengths (mean 
2'07A) found i n the Zn 2N 2 r i n g i n (MeZnNPh2)2 (Shearer and Spencer, 1967) 
but are shorter than the zinc-nitrogen bond length i n the five-membered 
ri n g (2*19A). I t i s interesting to compare th i s situation with the 
structures of compounds (ButOMBr.OEt2)2 where the M-0 r i n g bonds are 
shorter than the M-0 bond not involved i n the ring when M = Mg, but not 
when M = Be. 
Apparently the bond involving N(2) i s the least strong. The 
p o s s i b i l i t y that this i s due to s t e r i c effects involving the two methyl 
groups attached to N(2) i s discussed l a t e r . 
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(HZnN(^C 2H 4NMe 2) 2 TABLE 5e 
Equations of Least Squares Planes referred to the cry s t a l axes 
Atoms i n Orthogonal Co-ordinates Distance of Atom 
Plane 1 . ? from Plane 
i n A 0 
i n A 
x 1 y z 1 
N(l) 0*8596 0*2436 1*1825 0*0064 
C(l) 0*3563 1*1197 2*2632 -0*0019 
C(5) 2*1820 -0*2613 1*5194 -0*0022 
Equation of Plane 1: 0*4111 x 1 + 0*7893 y - 0*4561 z 1 = 0 
Atoms i n Orthogonal Co-ordinates 
Plane 2 . o 
i n A 
x y z 
Zn 0*5663 1*1455 -0*6464 
N(l ) 0*8596 0*2436 1*1825 
Equation of Plane 2: 0*7124 x 1 - 0*5773 y - 0*3990 z 1 = 0 
Dihedral angle between plane 1 and plane 2 = 88*9° 
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(HZnN(Me)C2H4NMe2)2 TABLE 5f 
o o 3 Bond lengths (A) and the i r Standard Deviations (A x 10 ) 
Zn - N( l ) 2*060(10) 
Zn - N(l') 2*062(11) 
Zn - N(2) 2*186(11) 
N ( l ) - C( l ) 1*479(16) 
N( l ) - C(5) 1*455(21) 
N(2) - C(2) 1*488(18) 
N(2) - C(3) 1*507(22) 
N(2) - C(4) 1*488(22) 
C( l ) - C(2) 1*514(23) 
Zn - H(a) 1*72 
Zn - H(b) 1*82 
H(a) and H(b) represent the peaks on the f i r s t and second 
difference maps which might be assigned to the hydrogen atom attached 
to zinc. 
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(HZnN(Me)9C7H^NMe9)7 TABLE 5g 
Bond Angles with their Standard Deviations 
Angle e.s.d. 
N ( l ) - Zn - N(l') o 92*0 0*4 
N( l ) - Zn - N(2) 84*1 0*4 
N( l ' ) - Zn -• N(2) 110*6 0*5 
C( l ) - N ( l ) - C(5) 110*2 1*1 
Zn - N(l ) - C(5) 119*1 0*9 
Zn' - N ( l ) -• C(5) 117*1 0*9 
Zn - N(l) - C(l ) 109*9 0*7 
Zn1 - N ( l ) -- c ( l ) 110*7 0*9 
Zn - N ( l ) -- Zn' 88*0 0*4 
C(2) - N(2) - C(4) 112*5 1*2 
C(2) - N(2) - C(3) 109*6 1*3 
C(2) - N(2) - Zn 102*2 0*8 
C(3) - N(2) - C(4) 109*9 1*2 
C(4) - N(2) - Zn 102*6 1*0 
C(3) - N(2) - Zn 119*8 0*9 
N(l ) - C ( l ) - C(2) 111*5 1*0 
N(2) - C(2) - C ( l ) 110*6 1*4 
H(a) - Zn - N( l ) 140*5° 
H(a) - Zn - N(l') 119*9 
H(a) - Zn - N(2) 103*3 
H(b) - Zn - N(l ) 133*7 
H(b) - Zn - N(l') 125*4 
H(b) - Zn - N(2) 103 *3 
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Some Bond Lengths and Angles 
Figure 5 2 
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The sum of the Pauling covalent r a d i i for zinc and nitrogen i s 
2*01A but purely covalent bonding i n (HZnN(Me)C2H^NMe2)2 would place 
formal charges of +1 on the nitrogen atoms and -2 on the zinc atom. 
The observed Zn-N distances are consistent with the Zn-N bonds having a 
l i t t l e polar character. 
The N-C bond lengths are a l l the same within the l i m i t s of 
o 
experimental error, with a mean value of 1*48A. This compares well with 
the bond lengths found i n ethylamine (1*47A)) (Allen and Sutton, 1950) 
and i n the tetramethylethylenediamine (TMED) moiety i n AlH^TMED 
(mean value 1-48&) (Palenik, 1964). 
o 
The C-C bond length (1'51A) also appears to be normal since i t i s 
o 
not s i g n i f i c a n t l y d i f f e r e n t from the value (1*54A) found i n diamond. 
Both kinds of atoms involved i n the central r i n g are four-co-
ordinate and i n terms of covalent bonding would formally be considered 
3 
to be sp hybridized. The N ( l ) - Zn - N ( l ) ' angle i n the ring i s 
greater than the Zn - N(l) - Zn1 angle (88*0°) but i t i s not easy to 
draw conclusions from this as distortions of the bond angles at zinc are 
to be expected as a consequence of the presence of the s t e r i c a l l y 
unambitious hydrogen i n one co-ordination position. The picture i s 
further complicated by the simultaneous p a r t i c i p a t i o n of the atoms 
Zn, N ( l ) i n both a four-membered and a five-membered r i n g . 
The two angles Zn - N ( l ) - C(5) and Zn1 - N ( l ) - C(5) (119«1° and 
117'1°) are considerably greater than the tetrahedral value, which i s no 
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doubt a resul t of the Zn - N(l) - Zn' angle being constrained to 88*0 . 
The other three angles at N(l) do not d i f f e r s i g n i f i c a n t l y from the 
tetrahedral value. 
A greater range of bond angles i s found at N(2); C(3) - N(2) - Zn 
(120°) and C(2) - N(2) - C(4) (113°) are greater, while C(2) - N(2) - Zn 
(102°) and C(4) - N(2) - Zn (103°) are smaller than the tetrahedral 
value. These distortions are understandable i n terms of a movement to 
o 
all e v i a t e the shortest non-bonding carbon-carbon contact (2*98A), namely 
that between C(4) and C ( l ) . 
Steric interferences involving C(3) and/or C(4) may also contribute 
to the lengthening of the Zn-N(2) bond. The intramolecular and i n t e r -
o 
molecular non-bonding contacts less than 4A are given i n Table 5h. 
Contacts between carbons bonded to a common atom are not included. 
o o The zinc-zinc separation (2'86A) i s greater than the sum (2*62A) 
of the Pauling tetrahedral covalent r a d i i . The shortest contact that 
the zinc atom makes with a methyl carbon (2*90A) i s that involving C(4) 
and i t w i l l be apparent that this s i t u a t i o n would be made worse by a 
shortening of the Zn-N(2) bond. 
o 
The short nitrogen-nitrogen contacts (2'85 and 2*96A) are those 
across the four-membered and five-membered rings respectively. Both 
o 
are much greater than the sum (1*40A) of the tetrahedral covalent r a d i i 
of two nitrogen atoms. 
The intermolecular packing i s shown i n figure 5.3 which i s i n 
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(HZnN(Me)C2H4NMe2)2 TABLE 5h 
Intramolecular non-bonding contacts less than 4A 
Equivalent Position 1 y, 
Equivalent Position 2 A ) 2 y. •1- z-2 Z » 
Equivalent Position 3 -y, -z; 
Equivalent Position 4 X _ J - _ > 2 y, - -1 + Z ' 
Atom A Atom B Equivalent Position A-B Angstroms 
Zn Zn 3 2 "864 
Zn C(4) 1 2*901 
Zn C(l) 3 2*932 
Zn C(5) 3 3*016 
Zn C(5) 1 3*046 
Zn C(3) 1 3*213 
Zn C(2) 3 3*372 
Zn N(2) 3 3*902 
W(l) N(2) 1 2*845 
N(l) N ( l ) 3 2*964 
C(l) C(4) 1 2*978 
C(3) C(5) 3 3*662 
Atom A 
C(3) 
C(4) 
Intermolecular non-bonding contacts less 4A 
Equivalent 
Position 
4 
Atom B 
C(5) 
C(5) 
Cell A-B Angstroms 
(-1, 1, 0) 3*891 
( 1 , 0, 0) 3*643 
Unless otherwise stated the Equivalent position refers to the 
c e l l (0, 0, 0). 
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C/ 
7n 
3-64 
3 -89 
a/ \ / 
( H Z n N M e C 2 H 4 - N M e 2 ) 2 p r o j e c t i o n 
on the ( 0 1 0 ) p lane 
Figure 5.3 
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projection along t>. Only two of the approach distances are less than 
o o 4 *0A and both of these are greater than 3*6A so that there does not 
appear to be any si g n i f i c a n t interaction between separate dimeric 
molecules. 
As mentioned e a r l i e r the temperature parameters are probably less 
r e l i a b l e than the atomic co-ordinates. However the mean B values for 
each atom are the same to two decimal places whether derived from the 
data corrected for absorption or from that not corrected. The B values 
°2 
for the zinc and nitrogen atoms are about 4*5A and the mean value for 
°2 
the carbon atoms i s 6 A . These results are similar to those normally 
encountered (Shearer and Spencer, 1967). 
5.9 The Zinc-Hydrogen Bond 
Peaks on the two difference maps give an approximate position for 
o 
the hydrogen atom attached to zinc, leading to values of 1*7-1*8A for 
the Zn-H bond length. A subsequent neutron d i f f r a c t i o n study (Shearer 
and Spencer, 1968) has provided what i s probably a more accurate 
position for t h i s hydrogen i n very much the same region but representing 
o 
a rather shorter Zn-H bond length (1*61A). 
The length of the Zn-H bond suggests that i t i s predominantly 
covalent i n character since the sum of the covalent r a d i i (1*62A) i s very 
much less than the value expected for an ionic bond (the radius of the H 
ion i n l i t h i u m hydride i s 1*26 and the radius for zinc would cer t a i n l y 
I | 
be greater than 0*74, the radius of the Zn ion, so that an ionic 
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Zn-H bond would probably be at least 2A long). The c l a s s i f i c a t i o n of 
ZnH2 as a borderline covalent hydride (Cotton and Wilkinson, 1962) i s 
consistent with t h i s observation. 
The hydrogen atom attached to zinc was the one most easily 
distinguished by X-ray d i f f r a c t i o n and this factor i s consistent with 
the Zn-H bond having some polar character. 
The Zn-H bond length from the neutron study i s not s i g n i f i c a n t l y 
longer than the value (1*59A) obtained for a shortlived species by 
spectroscopic methods (Herzberg, 1950). 
There can be no question of hydrogen-bridging between zinc atoms 
of d i f f e r e n t dimeric units since the shortest contact between zinc atoms 
o 
not of the same dimer i s greater than 5A. 
(HZnN(Me)C2H^NMe2)2 TABLE 5d 
Final Values of Observed and Calculated Structure Factors 
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2 0 6 5 5 5 5 
2 2 6 18 ••7 
2 Jl 6 16 - 1 3 
2 C 6 6 - 5 
2 6 6 2 0 - • 8 
2 8 6 •2 ' 0 
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APPENDIX 1 
Isothermal Molecular Weight Measurement 
The molecular weight of ethylzinc iodide was measured, using ethyl 
iodide as solvent, i n the apparatus shown i n figure Al. I n i t i a l l y the 
apparatus was placed i n a specially designed oven, evacuated through a 
tap attached to one of the cones, A, and baked at 380°Cfor 12 hours to 
remove traces of water. I t was then f i l l e d with nitrogen via the 
other cone and allowed to cool to room temperature. A solution of 
ethylzinc iodide i n ethyl iodide was syringed, against a counter 
current of nitrogen, into one of the bulbs, B, and a solution of t r i -
phenylmethane, as standard, into the other. The apparatus was then 
inverted and the volumes of the solutions measured by allowing them to 
run i n t o the graduated pipettes, C. 
Thus a known weight of both standard and unknown was introduced 
into the apparatus. 
The solutions were allowed to run back int o the bulbs which were 
then cooled to -196°C (to freeze the solutions). The apparatus was 
evacuated through the cones,sealed at the constrictions, D, and allowed 
to warm to room temperature, after which i t was kept i n a draught-free 
cupboard. 
Solvent d i s t i l l e d from the solution of lower molarity to the more 
concentrated one u n t i l the two were equimolar. The molecular weight 
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of the ethylzinc iodide species was then given by the relationship 
where Gj, i s the weight of ethylzinc iodide, Vt i s the volume of the 
solution of ethylzinc iodide at equilibrium. G, V and M are the 
weight, f i n a l volume of solution and molecular weight of the standard 
(triphenylmethane). 
Runs were made i n duplicate and any which showed a precipitate 
were rejected. An example of the v a r i a t i o n of the volumes of the two 
solutions i n a successful run i s shown i n figure A2. 
Ml " 
G M V 
Gx = 0*0012 grams, G = 0'023 grams; 
Mx calculated for (C„H Znl) = 221*5, Mj, observed = 227'0. 
The method i s based on that described by Steyermark (1961). 
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APPENDIX 2 
Computer Programmes 
Calculations were performed on the E l l i o t t 803B computer here i n 
Durham, the English Electric KDF9 computer i n the University of 
Newcastle and on the Northern Universities Multiple Access computer. 
Thanks are due to the st a f f s of the computer units i n Durham and i n 
Newcastle for their assistance i n running programmes. 
I am indebted to Professor D.W.J. Cruickshank, Dr. J. Sime, and 
their associates, fo r making available the system of programmes 
wr i t t e n by the Glasgow group. The Mark I I (November, 1965) version of 
the Glasgow structure factor-least squares programme, the Fourier 
programme wr i t t e n by Dr. Sime, and the several programmes to calculate 
molecular parameters, were found to be p a r t i c u l a r l y useful. 
I am also grateful to Dr. G.W. Adamson whose data correction 
programme I used for Lorentz, polarisation and spot length corrections 
on Weissenberg data, and to Mr. J. Twiss whose programmes corrected 
precession data for Lorentz and polarisation factors and Weissenberg 
data for absorption. 
Various small programmes were w r i t t e n to meet sundry needs such as 
data format adjustment and the preparation of structure factor tables. 
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